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THE THIRD EDITION. 


The TJiird Edlllnn of tKts work contains, witli 50 new dia-* 
grams and illustrations, more than 80 pages of additi(^ral 
matter. Books 1. and II. remain as before. Book III. con- 
tains several now and imporUnt problems in “ penetrations.” 
Book IV. is almost new. Towards Chapter L, which dej 
scribes Pipe-Bending, help was furnished to the author by 
his former stuiUmt and assistant, Mr. W. IT. Bennett, now 
Instructor in Meial-PIatc Work at the h'cgent Street Poly- 
technic. Chapter II. treats of the making up of Pipe Bends 
out of flat sheet, and deffls with that subject .as it has never 
before boon dealt with— systematically and comprehensively. 
To Book V. has been added an .article on “ 'I'inning and Re- 
tinning.” • 

The fl|Fstem of geometric constniction for the patterns of 
skeet- metal articles set forth in this book, came of investiga- 
tion made by the author about twenty-two years ago. In 
1885, after 8evt*ral years of thorough testing, the system was 
illustAted in model and diagram at the South Kensington 
Invei^ons Exhibition, and in 1887 further made public in 
the lirst Edition. A workman, studying the*book, learns 
to recognise easily the nature of any sTirface ho meets with, 
whether flat or curved, and how to deal with it for his 



PKEFACE TO THE THIRD EDITION. 


purposes. Indirect evidenno of the value of the book is 
afforded by the extont^jio which other writers—with no 
acknov^ledgoineiit, however, of their indebtedness— have 
turned t(4 it for “ copy ” and model ; and direct evidence 
in the fre(iuent coininuuications received from actual sheet- 

i 

metal ^orkor.-^, who, by the author’s system, have readily 
solved problems, very difficult if not imjwssible of solution 
o{>kerwi«(‘.. 

As with tho^ Second Kdition, so now, T have to acknow- 
ledge the very valuable assistanc(' givim me by my friend, 
Mr. IT. W. Ley, in revising the new matter, and seeing the 
b«ok through the press. 

0. T. M. 

BoRoroH roivTEnnNio iNBriTUTE, London . 

.4/>r/7, 18{)9. 
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PEEFACE 


TO 

THE 8E00ND EDITION. 


I’lns Second Edition, dclaj^ofl through pressure of work, 
is the First Edition augmented hy about 70 more pages oi 
original matter, making the hook still more useful to tlie 
shoot 'inotal worker wlio desires to know his trade, and 
hecomo an all-round hand, instead of being cramped u]> in 
a narrow everyday groove. The specialisation in the shops! 
biiougbt 'rechnical Education about ; the increasing tendency 
to it marks the need of a wide basis for such ediujation. 

The divisions of tin-plate, iron-plate, and zinc workers did 
not formerly exist ; they not exist now among the older 
workmen, and should not among the younger. The shapes 
treated in this volume come l^efore all sbeet-metal workers ; 
the main dilferences of their work are not those of shape, but 
of size and consequent manipulation. 

^linn’s^ Workshop Companion for Tin, Sheet Iron, and 
Copper Plato Workers,’ is a book published in America and 
circulating here. Mores than one-quarter of that portion 
which deals with patterns in its 1891 edition is ntither 
more nor less than a word for word appropriation, without 
aoknow^gment, of original problems, diagrams and all, from 
my pages. The Preface to the book can, well afford to make 
much of “ the addition of now matter.” 



PREFACE TO THE SECOND EDITION. 

’My thanks are due to Mr. H. W. Ley, Secretary of the 
Westmi lister Tcchiiicsal Jiistitute during my Directorship of 
it, for ^any usidul suggestioiiB, and for very careful revision 
of its nroof sheets. 
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In Iho pages that follow, tlio sotting-ont of pattems for Tnefah 
plato workers is systematised (for the first time, so far as 1 am 
aware), and hy tho system laid down, nearly all the patterns 
required by sheet-metal workers can be set out on one 
general geometrical principle. Thus treated, tJie subject 
becomes a comparatively easy one, and tho workman learns 
how, on tho given principle, to develop for himself the 
surface of any article ho may have to make, to the saving, as 
against various methods practised hitherto, of both time and 
material. 

Of tho methods heretofore taught in the workshop or 
otherwise, some have no application beyond the particular 
article with respect to which they arc described, some arei 
absolutely^impracticable. The methods that those pages 
explain are apjdicable always; and have been proved by 
abundant experience in my classes. 

The commencement of the b(K>k was a series of ait-icles 
that weift wi itten by mo for The Ironmonger. These and my 
class an<yecture notes have greatly aided me in luy effort to 
make the book comprehensive, as well as«at the same time a 
welcome workshop .companion. Not only do- s it contain 
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^vi 

pattern^T whioli .aro essentially those of nunieious articles of 
every-day inami fact nro^ hut a special feature is iiiade of largo 
work *— and4io\v it may bo dealt with under ordinary work- 
shop conditions. Each of the problems is complete in itgelf; 
bufraltiiougli Solved independently they follow each otheT in 
due order. 

^ It is.my hope that the book will be an aid to students in 
engineering apd gi'ometry, as well as to those for whom it is- 
particularly written ; that it will bo a serviceable addition 
to the scanty and insufficient literature on the application 
oi geometry to metal-])late work ; and that it will in some 
degree assist the cause of technical education. 


0. T. M. 
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Book I. 

CHAPTER I. 

Classification. 

• 

(1.) Notwitiistani)1N(j ilio iiitrodiKition of machinerv ancf 
tlie division of labour in the various hiancdies of metal- 
plate work, tliere is as great a doiiiaiid for good metal-jilate 
workers as (?vor, if not iiuhscd a greater demand than 
formerly, while the oppoftanities for training sueli men are 
becoming fewer. An important part of the tiH'hnical edu- 
cation of those (U)iniected with sheet-ni' tal work is a know- 
ledge of the setting-out of patterns. Such knowledge, 
reij[uisito always by reason of the variety of shapes tla^ 
are met^with in articles made of sheet-metal, is nowadays 
efpecially needful ; in that tlio number of articles made of 
sheet metal, through the revival of art metal-work, the 
general advance of sci(mce, and the introduction of new 
designii (whieli in many cuses have been very successful), 
in articles of domestic nse, has considerably increased. It 
is withy:ho setting-ont of patterns that this volume princi- 
pally deals. To ]»ractical men, the advantages, in saving 
of time and material, of having correct patterns to work 
from, arc obvious. Whilst, however, the methgj^ of treat' 
ment *here of J^he subject will be essentially practical,^ an 
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amount of theory sufficicijt for a thorough comprehension 
of the rules given will be introduced, a knowledge of rules 
without principles being mere ‘ rule of thumb,’ and not true 
technical education. 

(2»/) Starting in the following pages with some introduc- 
tory problems and other matter, we shall proceed from these 
to the articles for which pattenis are required by sheet-metal 
worters and whi(di may be thus conveniently classed and 
subdivided : 


Olass T. — Pattrrm for Ar^ 
tides of equal taper 
, or indination (pails, 
oval tqapots, gravy 
strainers, &c.). 


Sub- 

divisions. 


a. Of round surfaces. 
h. Of plane or flat 
surfaces. 

c. Of curved and 
plane surface 
combined. 


Class U.-PattermforAr- 
tides of unequal taper 
or indination (baths, 
hoppers, canister - 
tops, &c.). 


Sul)- 

divisions. 


a. Of round surfaces. 
h. Of plane or flat 
surfac(5S. 

e. Of curved and 
plane surface 
combined. 


Class III . — Patterns for Miscellaneous Articks ((dhows, and 
articles of compound Ixuit surface, as vases, acpiarium 
stands, mouldings, Arc ). 

All these articles will Ik) found dealt with in thejr sevt^ral 


We shall conclude with a few technical details in respect 
of the metals that mctal-jdate workers mostly make use of. 

(3.) The setting (uit of patterns in sheet-metal work 
belongs to that department of solid gecuiietry kT]l)wn as 
“Development of Surfaces,” which maybe said to be the 
spreading ^ laying out without rupture the suAices of 
solids in the plane cA flat, the plane now’ being sheet metal. 
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CHAPTEE II. 

Introductory 1 Problems ; with Ai’ plications. ® 
Definitions. 

Straujlit Line. — A straight line is tbo shortest distance 
between two points. 

Note. — I f not otlierwiao stated, linOH are always supposed to be straight. 

Angle. — An angle is tlio inclination of two*linos, which 
moot, one to another. The lines A B, C B in Fig. 1 which 
are inclined to eaeli other, and meet in B, are said to form 
an angle with one another. To express a?! angle, the letters* 
which denote tln^ two lines fonning the angle are emjRoyed, 
the letter at the angular point being ])hieed in the middle ; 
thus, in Fig. 1, we speak of the angle ABC. 

Fio. 1. Fig. 2. Pig. 3. 

A jA 


B C D B 0 

Perpendicular. Bight Angles — If a straight line, A B 
(Pig. 2)^ moots or stands on another straight line, CD, so that 
the adjacent angles (or angles on either side of B) AB D, 
A B C, arc (;qnal, then the line A B is said to perpendicular 
to, or at right angles with (‘square with’) D C, and each of 
the awgles is a right angle. 
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Parallel Lines . — Parallel J-iiigh arc lines which, if produced 
ever so lai' hoili ways, do not iiund. 

Trlanyle.~\^\ figure bounded by llir(>e lines is called a 
triangle. 

A'UiaufJle of^ which one of the angles is a right angle is 
called 51, ri<jhi-an(fled triangle (Fig. d j ; sind tlio side wdiich 
joing tlio two sidf's contsiining llu' right single is called the 
hypothennse (or liypot(umse). .(f 51II the sides of a triangle 
are equal, the triangh* is Equilaferal If it hsis two sides 
equsil, the triangle is Tsomies. If the sides are fill imocpial, 
tiio tri 5 Uigle is Sralrne. 

Polygon.— A figure hsiving more ih.an four sides is called 
a pc^ygon. Po1\ guns are of two (dassi's, regular and irregular. 

Irregular Rlygoiis hsivc their sides 5 ind angles uiu^qiml. 

Begular Polygons have all their sides and angles eqinil, 
and j)ossess the property (an important one for us) tluit tlu^y 
tan jilways he insciihed in circles; in oilier woids, a circle 
can always he drawn ihnaigh the angular points of a roguhir 
polygon (Figs. 12 and 13). 

Special names arc given to legular jxdygons, according to 
the number ol sides they jiossess ; thus, a [lolygon of five 
sides is a pentagon ; ol six sides, • a hexagon ; of seven, a 
heptagon; of eight, an oetagou; and so on. 

Quadrilaterah . — All figures bounded by four lines are 

Fig. U. Fig. Ah. 


called (luadrjlatorals. The most important of theso^ire the 
square and oblong or^rectangle. In 51 square (Fig. 4 u) the 
sides are all equal and the angles all right angles, and con- 
sequently equal. An oblong or rectangle has all its angles 
rigljt angles, but only its opposite sides are eij^ial. (FiJ. 46.) 
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Circle. — A circle is a fij^uro ‘bo^tidod Ly a curved line such 
that all points in tlu^ line are at an ecpial distain^c frojii a certain 
point within the fig;nre, whicli pto'nt is called t,l!e#^v'//7rc. 

'The honndinj]; line of a circh^ is called its rirrunifcrnice. A 
part only of thci circumference, no niatt<3r how lar*^ or :<ffflall, 
is called an arc. An an; cojitaining a (jiiarter o(“ the (drcum- 
feronce is a (jua(frant. An arc containing; half the circnr^fer- 
ence is a scmicirde. A line (Jrawn from the (;(3ntr«‘ to any 
point in the circunde.rence is a radius ([)iT»ral, raifii). The 
line joining the extremities of any arc; is a chord. A chord 
that ]»aHSCiS through tin; cenin; is a diameter. 

A lino drawn from the centre of, end per\tendicular to, any 
chord that is not a diameter of a ciicle, will pass througl# its 
centre. 

In practice a circle, or arc, is ‘descrihod ’ from a (;hoNen. or 
given, cenTre, and with a chosen, or given, radius. 

If two circles have a common centn;, their cireumferonces« 
are always the same distance ai)art. * 

Fia. 5. 



A B (^r B C) is a quadrant. 

A C B is a semicircle. 

0 A (or 0 B, or B ( ’) is a radius, 
AD (the straight line) is a chord. 
A efis a diai^eter. 
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PROBLEM L 

To draw an aiKjle equal to a gincn angle. 

Case I, — Wliero the ‘ given * angle is given by a drawing. 

itaspro’ldem^tliuugliKinijde, isofte.n veiy useful in practice» 
especially for elbows, where the angle (technically called 
‘ ralfe ’ or ‘ bevil ’) is marked on paper, and has to be copied. 

Fig. 6, 



Let ABC (Fig. 0) bo the given angle. With B as centre 
•^.nd radius of any convcniimt length, descrihe an arc cutting 
BA, BC (which may be of any length, see Def.) in points A 
and 0. Draw any line D E,and with D as centre and same 
radius as before, describe an arc cutting D E in E, With E as 
centre and the straight line distance from A to C as radius, 
describe an arc intersecting in F Ihe arc just drawn. From 
D draw a line through F ; then the angle F D E will be equal 
to the given angle ABC. 

iCasb II.™ Where the given angle is an angle in already 
existing fixed work. 

The angle to which an equal angle has to be drawn, m&y 
be an angle existing in already fixed work, fixed piping for 
instance; or in brickwork, when, suppose, a cistern may 
have to be made to fit in an angle between two w^ls. In 
such cases a method often used in practice is to open a two- 
fold rule in, the angle which is to be copied. The rufeis then 
laid down on the worhing surfa<)e, whatever it may be (paper, 
board, &c.), on which the work of drawing an angle equal to 
the existing angle has to carried out, and lines are drawn 
onctiiat surface, along either the outer or inver edges of the 
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rule. The nile being then removed, the lines are produced ; 
meeting, they give the angle required. 

Case III. — Where the given angle is that ©f 1G.xod work, 
and the method of Casio II. is inapplicable. 

With existing fixed work, the method of Case II. is not 
always practicable. A corner may bo so filled that a rule 
cannot be applied. The method to bo now employed •is as 
follows. Draw lines on the fixed work, say pipings each way 
from the angle; and on each line, from the angle, set off-any^ 
the same distance, say 6 in., and measure the distance between ' 
the free ends of the 6-in. lengths. That is, if A C, A B (Fig. 7)* 

Fig. 7. 




represent the lines drawy on the piping, measure the distance 
between B and C. Kow on the working surface on which 
the drawing is to b- made*, draw any line DE, 6 in. long; 
and with D as centre and radius D E, describe an arc. Next, 
with E as centre, and the distance just, measured between B 
and C j|s radius, describe an arc cutting the former arc in *F. 
^oin F i) ; then the angle F D E will be equal to the angle 
of the piping. 

NoTE.~Wheti pfdiits are ‘joined,’ it is always by straight lines. 

PROBLEM 11. 

To divide a I me inti) (my number of equal farts. 

Let A B (Fig. 8) bo the given line. T rom one of its extre- 
mities, say A, draw a line A 3 at any angle to A B, and on it, 
froitt-the angular point, mark off as many parts, — (»f any con- 
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voiiiont but all equal to (!acli other, — as A B is to be 

divided into. Say that A 1> is to be divided into three equal 
parts, and tjiat the equal len^i;Mhs marked off on A 3 are A to 


Fio. s. 



i, 1 to 2, and 2 to 3. Then join point 3 to the B extremity 
of A B,and througli the other jnuiibs of division, liore 1 and 2, 
drav lines parallel io 3 1>, cutting A B in (! and 1). Tlieii 
AB is divided as required. 

PKOBLBM III. 

To hiscH {(hi'Ido (I line into ftro (‘([unl pnrtx) a fjlveu hiio. 

Let A B (lig. 3) 1 k‘, the giv(‘n lint'. \\ ith A as centric, and 
any radius greater than half its length, di'seribe an indefinite 
arc; and with B-asiamtro and same radius, describe an are 
intersecting tlic former arc in jHiiifts V and Q. Draw a lino 
through P and Q ; this will bisetd. A H. 


P 



Q 

Note.— It is quite as easy to biscet, A B by riobleiu II. ; but the method 
shown gives, in P Q, nut only a line bisecting A B, luita liiiepurptiudieulur 
to A B, This must |>articularly remembered. 
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PliODLEH/^ TV. 

To J]}ul fhc vrnire of a ^ ’wru circle. 

Lot A B C iD) 1)0 tlio <^\vcn oin'lt^. Tala' any three 
points A,B,C, in its ci mini Ten 'iioo. Join ftO; ilien 
AB, BC, are chords (m- J)c,r.) ..f tho cirdo ABC. Bisect 
AB. B C ; till! ))niiit of iutersicfioii, 0, of tho bisecting lyjcs 
is tlio ooutj'e required. 

Fig. 10. 



PKOBLKM V. 

To (Icf^cnhe a circle inlitrh shall pass throinjh amj three given 
pi nuts th(,t are iPtf iu the same straight Hue. 

Let, A, B, C tFi- lo) u, tlio time ^i^iven point*'. Join 
A B, B C. Now the oirelo to bo described will not bi' a circle 
through A, B, V>, unless AB, BC, an* chords of it. Let us 
therefore assume them such, and so treating them, find (by* 
Problem W.) O ihe centre of that circle. With 0 as centre, 
ana the distance Irom 0 to A as radius, describe a circle; it 
will pass also through B and C, as required. 


PROBLEM VI. 

Given an^rc, of a circle., to complete the circle of which it is a 
portion. 

Let A C (Fig. 10) be tin' given arc ; take any three points 
in it a§ A, B, 0 ; join A B. B 0 Bisect A B,‘ B C by Hues 
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intersecting in 0. With|0 as centre, and 0 to A or to any 
point in the arc, as radius the circle can he completed. 

PROBLEM VIL 

To find Whether a given curve is an arc of a circle. 

^hoose any three j)oint8 on the given curve, and by 
Problem V describe a circle, passing through them. If the 
circle coincides* with the given curve, the carve is an arc. 

PROBLEM VIII. 

To bisect a given angle. 

Let ABjC (Fig. 11) bo the given angle. With B as 
centre and any convenient radius descrilxj an arc cutting 
A B, B 0 in D and E. With D and E as centres and any 
convenient distance, greater than half the length ol the arc 


Fio. 11. 



D E as radius describe arcs intersecting in F. Join F to B ; 
then F B bisects the given angle. 

PROBLEM IX. 

In a given circle, to inscribe a regular 'polygon oj^ any given 
number of sides 

Divide (Piioblem II.) the diameter A C of the given circle 
(fig. 12) into as many equal parts as the figure isiio have 
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sides, here hrty five. With A ami Cas ceiifres, and C A as 
radius, dcscrihe arcs intersecting in P. Tiirough P and the 
second point of division of the diameter draw •a linoj* 13 

Fig. 12. 



C 


cutting th(> eireuinfercnoe in P); join P) A, then BA will be 
one side of the re(]uiivd figure. Walk oil* flie lengtli P>^» 
from A round the circumference until a marking off leaches 
B. Then, beginning at point A, join each point in the- 
circumference to the next following; this will complete the 
polygon. 

Note. — B y this jiroldeni u- circuiiifen'iice, ttiul Ihcrefoie nlso one-half of 
it (serniciiclo), one-third of it, oiie-lmirth of it (quadiuiit), and so on, can 
b(j divided into any number of cMjnal jiurts. 

PROBLEM X. 

fo describe any regular polygon^ the length of one side being 
given. 

Let A B (Fig. IH) he the given side of, say, a hexagon. 
With |ither end, hero B, as centre and the length of the 
given side as radius, describe an arc. Produce A B to cut 
the arc#n X. Divide the semicircle thus formed into as 
many equal parts (PiioimEM IX., Note) the figure is to have 
sides (six), and join B to the second division point of the 
semicircle couniing from X. This line will ho another side 
of th^ require^ polygon. Having now thjee points, ^ B, 
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and th(' second division poriii from X, draw a circle through 
them (Problem V.), and, as a regular l>ol.vgon can always ho 
inscribed in circle (see Dcjf.), m.trlv off tlic length B A round 


Fin. i:{. 



the circumfhrenoc from A until at the last marking-off, the 
free extremity of the second side (the side Ibund) of the 
polygon is reached, tlnui, beginning at A, join each point in 
^tho circumferenoo to the next following ; this will complete 
the polygon (hexagon), 

PKOBLEM XI. 

To find the lemfili of the eircimferem'e of a circle, the diameter 
heimj given. 

Divide the given diameter A B (Fig. 11 1 into seven equal 
parts (Problem II.). Then three times A B, with ( 1 B, one of 
i;he seven parts of A B, addeil, that is with one-seventh of 


Fig. 14 



AB added, will be the r(‘,quired length of the circumference. 
The semicircle of the figure is sujierfluous, but may help to 
make the problem more clearly understood. 
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PROBLEM tfCII. 

To draw an oval^ its Icnijtli and width veing given. 

Draw two lines A B, I) (tlio axes of the ovfil)*|)eri)^i- 
cular to one anotlier (Fig. 15), ami interseeting in Q. MaJie 



0 A and 0 B each equal lo half the length, and 0 C and 0 D 
each equal to halt the width of the oval. From A inaik off 
A E e<j[ual to C D the width of the oval, and divide E B into 
three equal, parts. With 0 as centre and radius equal to 
two of the parts, as E 2, d^crihe arcs cutting A B in points 
Q and Q'. With Q and Q' as centres and QQ' as radius 
describe anjs intiu’secting C I) in points P and P'. Join 
P Q, P Q', P' Q and P' Q' ; in these lines ]>roduced the end 
and side curves must meet. With Q and Q' as centres and 
Q A as raflius, describe the end curves, and with P and P' as 
centres and radius P D, describe the side curves ; this will 
complete the oval. 

Note:— TT nleas cart* is tak(in, it raay be found that the end imd aide 
curves will not meet aeciirjitely, and even with cure this m.t} sometimes 
occur. It is best if ^'reat accnrucy licToquired in the length, to draw the 
end curves ^rst, an<l tl»eii draw side curves to meet them ; oi-, if the width 
is most important, to draw the side curves first. The centres (P and P') 
for tlie side curves come inside (»r mitside the curveS, aecurdmg us the oval 
is broad or narrow. This figure is soimdimes erroneously called an 
ellipse. It is, however, a good sipproximatiou to one, and f<»r most purposes 
where niPelliptical yticie has to bti made, is very convenient. 
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PROBLEM XIII. 

To >aw an ef/fi-shipHl oval, haomj the. length and width given. 

Make A B (Eig. IG) etiiial to the length of the oval, and 
om A set off A 0 equal to half its width. Through 0 draw 


Fic. 16 . 



an indefinite line Q Q' perpendicular to A B, and with 0 as 
centre and 0 A as radius describe the soinicircle CAD. 
Join D B ; and from D draw D E ixn'pondioular to Q Q' and 
e^ual to 0 D. Also from E draw E G parallel to Q>Q' and 



METAIi-PLATE WORK. 


intersecting D B in G, and from G^draw G F parallel to D E 
and intersecting Q Q' in F. From B set off B P equal to D F, 
and join P F. Bisect F P and through the iK)int o4' hisection 
draw a line cutting Q Q' in Q. Join QP and prodaff^fft 
indefinitely, and with Q as (('litre and (II) atf raditis 
describe an arc meeting QP produced in 11. Make OQ' 
equal to 0 Q, and join Q' P and produce it indefinitely. 
With Q' as centre, and Q' (eipial to Q D) as radius, 
describe an arc meeting Q' P produced in H'. And Vith P 
as centre and P B as ladius describe an arc to meet the arcs 
D H and C H' in H and 11' ; and to complete the egg-shaped 
oval. 


PEOBLEM XIV. 

To describe an ellipse. 

Before workins^ tliis as a problem in geometry, h't us draw 
an ellipse non-geuinetrically and get .tt some sort of a defini- 
tion. This done, we will solve the. problem geometrically, 
and follow that witli a second im'chanieal method of de- 
scribing the cuivo. 

METHOD I. — Mkchasilai.. 

A. Irrespective of dimensions . — On a piece of cardboard or 
Smooth-faced wood, mark off any two points F, F' (Fig. 17) ^ 
and fix p^ns securely in those points. Then take a piece of 
thy;! string or silk,, and tie the ends together so as to form a 
loop;’ of such size as will pass quite easily over the pins. 
Next, place the {loint of a pencil in the string, and take up 
the slack so tliat the string, pushed close against the wood, 
shall forSi a triangle, as say, F D F', the pencil point being 
at D. Then, keeping the pencil upriglit, and always in the 
staring, ana the string taut, move the pencil along from left 
to right say, so that it shall make a contfnuous mark. Let 
us trace the course of the mark. Starting from D, the 
pencil; unstrained always by the string, moves from D to P, 
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then on to TJ, P', C, P^, Pi, A, P^ and D ao^ain, describing a 
curve which retTirns into itself ; this curve is an ol]i]»se. 

JIaving«dr^wn tlio elli]>se let ns remove tlie string and 
pins, viraw a lino from F to F', and ]»rodncc it boi h ways to 
terminate in |he curve, as at 11 and A. 'Ihen All is the 
major axis of the elli]>se, and F, F' are its foci. The inid- 
pjjint of A B is the centre of the ellipse. Anv lim; through 
the centre and terminating Am ► th ways in the ellijmo is a 
diameter. Tlio major axis is the longest diaimdcr, and is 
commonly called the length of tin? ellipse. The diameter 
through the centre at right angles to the mnjor axis is tlio 
Bhortest diameter, or viinor axis, or v. idtli of the elli[) 80 . 

•Referring to the Fig. : — 

A 1) P B 1) is an ellip.se. 

F, F' are its foci (singular, 

A B is the major axis. 

C 1) is the minor axis. 

0 is the centre. 


Fia. 17. 


J) 



We notice with the string :-nd pimcil that^when the 
pencil point reaches P, the triangle foi’imjd by the string is 
F P F' ; when it reaches P', the triangle is F P' F' ; when it 
reaches P- the triangle is F P^F'; and when P-*^ is reached, 
it is FP^F'. Looking at these triangles, jt is obvmus that 
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F F' is ono side of each of thorn ; from which it follows, 
seeing that the loop of string is always of ono longtii, that 
the sum of the other two sides of any of the t|-iangles is 
equal to the sum of tlio other two sides of Jiny other of ^iiT; 
tliat is to say, F D added to J)F' is equal to F P i<ifdcd Jto 
P F', is equal to F P' added to P' F', .-iiid so on.i 

Which leads us to thii following detiuition. 

Definition. 

Ellipse . — The ellipse is a closed curve (that is, a curve 
returning into itscdf), such that tho sum of the distances of 
any point in the curve from (-crtain two points (foci), inside 
the curve is always the same. 

B, Length and width given. — Knowing now what aifi 
ellipse is, wc can Work to dimensions. Those usufilly given 
are the length (major axis), and width (minor axis). Draw 
AB, CD (Fig. 17), the given axes, and with either ex- 
tremity, 0 or 1), of’ tho minor axis as centre, and half A B, 
tho major axis as radius, doscriho an arc cutting A B in F 
and F'. Fix pins securely in F, F' and D (or C). Tlien, 
having tied a piece of thin string or silk firmly round tho 
three pins, remove tho pin at I) (or C) ; jmt, in plaice of it, 
a pencil point in tho string ; and proceed to mark out th(i 
ellipse as above explained. 

METHOD II.— Geometrical.— The Solution of the 

PROBLEM. LesOTH and WiDTII GIVEN. 

^raw i^B, CD (Fig. 17),the maj.»r and minor axes. With 
C or D as centre, and half the major axis, 0 B say, as radius, 
describe arcs cutting A B in F and I'k On A B, and between 
Oand F', mark points- any number \nd anywhere, except 
that it inadvisable to mark the points -ilosiT to each other 
as they approach F', Let the points here be 1, 2, and 3. 
With F aift F' as centres and A 2, B 2 as radii respectively, 
describe arcs intersecjiing in P; with samfi centres and A3, 
B3 as radii respectively, describe arcs intersecting in P'. 
With Fi and F as (jentres and A3, B 3 us radii lespectively, 
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describe arcs intersecting in P®. With same centres and 
A 2, B 2 as radii re8i>ectively, describe arcs intersecting in 
P*. Similarly obtain P'-*. Wo have thus nine points, D, P> 
A and P^, through wb’ jh an even curve niay 
be dfii 'n which will be the ellipse required. A greater 
number of pf ints through which to draw the ellipse may of 
wurse be obtained by taking more points between 0 and F', 
aiid proceeding us explained. 

METHOD IIL— Mechanical.— Lenotii and Width 

GIVIN. 

As it is not always possible to prooood as described 
at end of Method J., for pins cannot always bo fixed in the 
material to be drawn upon, wo now give a second mecha- 
nical method. Having drawn (Fig. iSh) A B, CD, the 

Fio. 18 a. Pro. 186 . 



given axes, then, on a strip of card or stiff papor*X X (Pig. 
18a), mark otF frcfhi one end P, a distance PF equal to half 
the major axis (length), and a distance P E equal to half the 
minor axis (width). Place the strip on the axes jn such 
a* position thaV the point E is on the ma^)r axis, and the 
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• 

point F on the minor, and mark a jpint against the point P. 
Now shift X X to a position in which E is closer to B, and 
F closer to C, and again mark a point against P. ^ Proceed 
similarly to mark other points, and finally draw an ' veiT 
curve through all the points that have been obtained/ 


The follmving prohhms (hal with shapr-fi often requirelt 
hy the metal-plate worl'er^ and will give him an idea, qf how 
to ada,pt to his reguiremejits the prohlenis that p/reeede. The 
explanation of the measurement of angles that eoncludes the 
chapter will f urther assist him in his ivorh. 

PROBLEM XV. 

To draw an oblong with round corners. 

Draw two indefinite linos AB, CD (Fig. 19) perpen- 
dicular to one another and intersecting in 0. Make OA 


Fro. 19. 



and O B each equal to half the given length ; and 0 C and 
0 D each equal to half the given width. Through 0 and D 

2 
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draw linoR parallel to A B, and thronixh A and B draw lines 
parallel to Cl). We now have a rectaiic;le or ohlong, and 
reejuire jo round tht‘ eorners, which aie quadrants. Mark 
fifl' ^0111 E along ED and E A equal distances IsG and E P 
accorUfiig to tlie siz(^ of corner required. Witli P and (J as 
centres and<EF or EG as radius, descrihe arcs intersecting' 
in 0' With 0' as centre' and sanu' radius descrik^ the 
Corner FG. The reniainino- eorners can bo drawn in similar 
mannpr. 

PBOBLEM XVI. 

To draw a fgurc havmj siraitjht sidrs avd semicirmlar ends 
{ohhfiKj 'with muinrnilar mds 

Draw u lino AB (Fig. 20) equal to the given length; 
make AO and BO' oaoh 0 (pial to half the given width. 


Pio. 20. 

B £ 



Through 0 and 0' draw indefinite lines perpendicular t-o 
A B; with 0 and 0' as centres and OA as radius describe 
arcs cutting tlio porpondiculars through 0 and O' in D F 
and G E. Join D E, G F ; this will complete the figure 
required. 

ANGLES* AND TllEIJt MEASUKEMENT. 

The right angle B 0 C (Fig. 5) mhtends the quadrant B C. 
It we divide that quadrant into 90 parts and call Iho parts 
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degrees^ then a right angle siihtencls or contains 90 degrees 
(written 90°), or as usually expressed, is an angle of 90 
degrees, the degree being the unit of ineasuremeyt. If caclf 
division point of the (piadriint is join<;d to 0, thf> right 
angle is divided into 90 angles, eatth of which subtends or is 
an angle of 1 degree. Tiiat is to say, an angle is measured 
by tlui number of d(igr(;es that it coTiiains .Sup2)oso thi? 
quadrant 11 A is divided as was H C, tlien 1 > 0 A also is 
an angle of 90 degrees. If the division is eemtinued round 
thii semicircle AD C, this will contain 180 degrees, and the 
whole circumference has beem divided into 300 degrees. As 
an angle of 90, wiiicli is a Jl)ui th part ol’ 300 degrees, subtends 
a (juadrant or fourth part of the cii*cumference of tlie circlet 
so an angle of 00, wldeh is a sixtli part of 30& degrees, 
subtends a sixth part of the circumferimce, and similarly an 
angle of 30 degrei's subtemls a twelfth ])art, an angle of 46 
an eighth part, and so on. And this angular measurement 
is quite independent of tli(3 dimensions of th(3 circle; the 
quadrant always subtends a right angle; the 00 degrees 
angle always subttaids an arc of orm sixth of llus cdrciim- 
ference ; and the- like with other angles From our defini- 
tion p. 5 we have it that a chord is the lino joining th(‘. 
extremities of any arc. The chord of a sixth part of the 
circumference of any circle, wi3 havf now to add, is equal to 
the radius of that circle. This being the case, and as an 
angle of 00 degrees subtuids the sixtli part of the circumfer- 
ence of a circle, it follows that an angle of 00^ subtends a 
chord equal to the rail i us. 

SCALE OE CTIOllDS, 

Construction . — We have now the knowledge requisite for 
setting out^a scale of chords, by which angles may be drawn 
and measured. 

On any lino OB (Eig. 21) describe a semicircle GAB, and 
from its centre C draw C A perpendicular to 0 B. Divide 
0 A into nine equ#l purls. TJieu, as 0 A, beijj^s ^ quadi'un^ 
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oontaiiiB 00°, each of the liine diviKions will- contain 10°. The 
IX)intsof divivsion, from 0, of the (jiiadrant, are marked 10, 20, 
30, &c., dp to 00 at A. With 0 as centre, describe arcs from 
eachV^these division i)oints, cutting (ho line OB. hoto that 
the ate from^ioint GO culs OB in C, the centre of the semi- 
circle; the clioid from 0 to 00 (not drawn in the Fig.), that 


Fig. 21. Fig. 22. 



is, the chord of one-sixth of the cu’cumference of the circle 
whose centie is C, being etjual to the radius of that circle. 
Draw a line OE parallel to 0*B, and from 0 let fall 00 
j)orpendicular to OB. Also from each of tlte jioints where 
the arcs cut OB let fall jicrpendiculars (o OB and number 
these consecutively to correspond with the numbers on the 
quadrant 0 A. Idie s«ile is now complete. 

How to vse. It is used in this way. Suppose ftom a point 
A in any line A B (Fig 22) we have to draw a lino aV an 
angle of 30° with it. Then with A as centre and the distance 
from 0 to GO on OE (Fig. 21) as radius, descrilxj an are CD 
cutting A B in ( ]. And with G as centre and th/? distance 
from 0 10 30 on OE (Fig. 21 ) (the angle to be drawn is to be 
of 30°) as radius descrilK) .an arc intersecting an CD in D. 
Join DA, then DAC will bo the required angle of 80°. 
Similarly with angles of other dimensions. 

In taking the leiigtlis of arcs, we really take the length of 
^oir chords, and it is those lengths that (Fig. 21) Ve havo^ 
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Bet off along 0 E. The angle ( 21) 0 0 F f fhe point F is 
the point GO) b<iing an angle of 00° subtendH a chord equal to 
the radius ; therefore in 0 to 00 wo have the radius CO. In 
the example (Fig. 22), the distance (. D (0 to 30) is t]?e chord 
of 30° ; and it is clear that wo must set this off^on an arc C D 
of a circle of tlio same size as that emjdoved in the construc- 
tion of the scale, and this we do by making A C 0 (pial 0 to,fC[, 
on the same scale. 

When a scale of chords has been constructed as ojfplained, 
the semicinde may 1 m 3 cut away, and we tfius get a scale 
convenient for shoj) use in the form of a rule. 
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CHAPTER III. 

Patterns for Articles of Equal Taper or Inclination; 
((T.A8S 1.) 

(4.) It is iiccos^arv lioio at ()UC(^ to rc'mailc that ordinary 
workshoi) speaks of ‘ slant,’ -- not. tis meaning; an ainjlc^ 

but a length; not as refoiring; 1<» the angle of inclination of a 
tapering l>()dy, but to the length of its slanting portion. It 
i.'fin this sense that we shall use the word, and shall employ 
the word “taper’ or the term ‘inclination of slant’ when 
meaning an angle. 

(5.) In order tliat the rules for tlui setting out of patterns 
for articles of etjual ta])er or inclination may be better under- 
stood and lemeinbered, it is advisable to consider the principles 
on which the rules are based, as a knowh*(lg(^ of principles 
will often enable a workman himself to find rules for the 
setting out of patterns for odd work. The basis of the whole 
of the articles in this ( 'lass is the fight cone. It isnec ssary, 
therefore, to define the ri^ht cone and explain some of its 
properties. 

Definition. 

(6.) Right Cone . — A right cone is a s(>lid figure (generated 
or formed by the revolution * fa right-angled triangle ahsxit 
'one of the sides cmitaining the right angle. The side 
about which the triangle rewdves is the axis of the cone ; 
the other side containing the right angle being it|i radius. 
The point of the cone is its apex ; tlio circular end its hose. 
The hypotenuse of the triangle is the slant of ,the cone. 
From the method of formation of tlu^ riglit cone, it follows 
that the axis is perjiondicular to the base. The height of 
the cone is the length of its axis 

(7.) Referring to Fig. la, ORE ropresenjs a coni^ gene- 
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rated or formed by thu revolution of the rij^bt-anj^lod tri- 
angle GAB (Fig. Ih) al)out one of itn sides containing the 
right angle, here the side 0 A. Similarly the cfce 0 D F, 


Fig. la. Ftg. P>.| 

0 0 



Fig. 2a, is formed l>y tlie revolutii)ii(*r G 0 D (Tig. 2h) alnmt 
its side 0 0, As will be seen from the figs., 0 A, 0 0 are 
respectively the axes of tho*cenes O B K, 0 1) F, as also their 
heights. Their bases are respectively BO Elf, DKFL, 

Fig. Fig. 2h. 



and the radii of the bases are AB and UI). Tlie slants of 
the cones are 0 B and 0 1), the apc^x in either being the point 
0. Other lines will Ix' seen in figs., namely, those repre- 
senting the reviving triangle in its motion of generating 
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the cone. The Hides of those trianj^lcs that start from the 
apex and terminate in the base are all equal, it must l>e borne 
iy mind ; hnd caeh of them is the slant of the cone. Likewise 
their si^es tli'at terminate in A are all eqiuil, and each shows 
a radius of tl^o base of the C(me. How these particulars of 
the relations to one another of the sovjT.d parts of the right 
apply in the setting-out of patterns will be seen in the 
problems that follow. 


PROBLEM 1. 

■^To find the height of a rme, the »lant and diaiwier of the base 
being guru, 

Draw Muy two lims 0 A, BA (Figs. 3 atid 4) pcrjxm- 
dicular to each other and intersecting in A. On either line 


Fio. 3. Fig. 1 



mark off from A •half the diameter of the base, in other 
words, the radius of the base, as A B. With B as centre, and 
radius equal to the slant, describe an arc cutting A 0 in 0. 
Then 0 A is tli^ height of the cone. 
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PROBLEM II. 

To find the slant of a cone, the heifiit and diameler^of the base 
being given. 

Draw any two lines 0 A, B A ( Figs. 3 and I) ]iurpendiriilar 
,to oaoh other and intersceting in A. On either line niaik off 
from A half the diameter of the base (ladins of the base)^^ 
AB, and make A 0 on the otlnT line equal to the Jieight of 
the cone ; join 0 B. Then 0 B is tlie required slant 
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CHAPTER IV. 

Patterns for Round Articles of Equal Taper or 
Inclination op Slant. 

(CiiASS I. Subdivlsiim a.) 

t 

(8.) If a cone lias its iiicRned or surface painted 

sa\ , white, «nd Ix) rolled while wot on a plane so that every 
portion of the surface in succession touclics the plane, then 
the figure formed on the plane hy the wot paint (see Fig. 5) 

Fig. T) 



will he tRe pal tern for the cone. As the cone rolls (the 
figure represents the cone as rolling), the portion of it- 
touching the plane at any instant is a slant of the oone (see 
§ 7 ). 

(9.) Examining the figure formed hy the wet paiift, wo find 
it to be a sector a circle, that is, the figure contained 
between two radii of a circle and the arc they cut off. The 
length of the arc hero is clearly equal to the length of the 
cifoumfereuce o£ the liase of the oone, and the ladius of the 
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arc evidently equal to the slant <|f the cone. From this it i8 
obvious that to draw the pattern for a cone, we niqiiiro to 
know the slant fd* the cone (which will be the radius for t^e 
pattern), and the circu inference of the base of the cone. 


PROBLEM TIL «« 

To draw the pattern for a eone^ in one piece or in pieces^ 

the slant and diameter of the base heimj (jioen. 

Pattern in one Piece. — With OA(Fi'r. 06) equal to the* 
slant as radius, describe a long arc ACE. What has now 


Fig. 66. 



to be done is to mark off a length of this arc equal to the cir- 
cumferenSo of the base of tin* cone. ^Jlio best and quickest 
way for this is as follows. Draw a line F B (Fig. 6u) equal 
to the given diameter of the base, and bisect it in G ; then 
G B is a radius of the base. From G draw G E perpendicular 
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to F B ; and with G as cen/-ie and radius G B doscribo from 
B an arc meeting GE in E. The arc BE is a quadrant 
(quarter) of the circaimferoncc of tho huso of the cone. 
Divide tliis quadrant into a number of equal parts, not too 


Fig. Ga. 



many, say four, by points 1, 2, 3. From A (Fig. 66) mark 
off along arc ACE four puits, each (jqual to one of the 
divisions of the quadrant, as froi% A to B. Take this length 
A B equal to the ibur paits, tliat is, eipial to tho quadrant, 
and from B sot it off throe times along tho arc towards E as 
from B to C, 0 to D, D to E. Join E to 0; then 0 A CEO 
will be the pattern required. 

NoTE.—It must be noted that when tnie pattern is bent roun(fto form the 
cone, the edges OA and OE will simply butt up against each other, 
for no allowance has Ix'en made for hp or seam,. Let us call the junction 
of 0 A and 0 E tlie lino of butting. Nor, furth('r, has any allowance been 
made for wiring of tlie edge ACE. These most essential matters will 
be referred to immediately. 


Patteen in more than one Piece.— If B be joined to 0, 
then the sector 0 A B will 1x5 the pattern for onc-qmrter 
of the cone. If C be joined to 0, then the sector 0 A C is 
the pattern for one-half of it. Similarly GAD will give 
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three-quarters of the cone. A con§ patlern can thus be made 
in one, two, tliree, or four pieces. If tlio cone is required to 
be made in tlin^e pieces, then instead of dividing^ as above, 
a quadrant of tlio cinnimference of the base, divide one»third 
of it into parts, say live ; set off five of the parts along ACE 
from A, and join the last division point to the centre ; the 
sectorso obtained will he the pattern for owe-Z/z/rdof theeon^ 
If required t^ bo made in five ^pieces, divide Ji fifth of the 
circumferenee of the base into equal parts, Jind proceed as 
l)efore. Similarly for any number of pieces that the pattern 
may be reqTiired in. 


PROBLEM IV. 

To draw the pattern for a cone^ the height and the diameter of 
the base being given, 

Eirst find the slant OB (Fig. 7a) by Piioblem IL Then’ 
with A as centre and radius A B, describe B (J a quadrant of 


Fig. 7 a . 


Fig. 76. 



the circumference of the base, and proceed, as in Problem III., 
to draw the pattern Fig. 7b (the plain liuesb 
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ALLOWANCE FOL 1 AF, SEAM, WIRING, ko, 

(10.) Vf> iias alr('.afly ]»oenRtat(Ml tliat tho gooinoirio pattorn 
has 110 allowuntr lor Hi-ani. wiriiio-, or (For 

tho prosent it is aKsiuucd that those terms are understood ; 
wo shall come hack to them later on.) In tlio pattern 
Fig. 76 the dotted line 0' IV parallel to tho (‘dgt* 0 R shows 
‘ lap ’ f(»r soldered seam. For a ‘ groov<‘d ’ seam Hot only must 
there he this allowance, hut tliero must he? a similai’ allowance 
along the (;dge 0 D. These allowances, it must he distinctly 
romemhered, arc always cxirmU) the geometric pattern; that 
is to say, the junction line of (>D and 0 11. or line of hutting 
jsee Note, rrohlem III ) is not interfered with. And here a 
word of warning is necessary. Suppose instead of marking off 
a parallel slip or lap for soldered seam, a slip D 0 \y going off 
to nothing at the centre 0, is marked off, and that then, for 
soldering up, there is actually used not this triiingular slip, 
hut a parallel one as DIV 00\ the result brought aiwuit will 
be that the work will solder up untrue ; there will Ix), in 
fact, a ‘rise’ at the base of the w(U‘k. We can understand 
the result in this w^ay. 11’ the parallel slip 1) D' 0 0^ used 
for soldering were cut off, thyre would remain a pattern 
which is not tho geometric )>attern, hut a nondescript 
approximation, having a line of hutting other than the true 
line. And it being thus to an untrue pattern that the 
parallel slip for seam is added, the article made up fi’om the 
untrue pattern must of course itself necessarily ^e untrue. 
In tho tig. the dotted line parallel to the curve of^the 
pattern shows an allowance for wiring. For a grooved seam 
there must bo on the edge 01) an addition 0 J) ])' 0^ similar 
to the addition on the edge 0 B, as above stated. 

(11.) In working from shop patterns for funnels,*oil-bottle 
tops, and similar artiedes, workmcm often find t^at if they 
take a good lap at the lK>ttom, and almost nothing at the top 
of tho seam, the pattern is trim. And so it is, for these 
patterns have the triangular slip DOD' added. Whereas, 
if a parallel piece DO^OD' is used for lap, tho pattern is 
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^ntrue. Which again ia the case, because, now, in addition 
^ D 0 D', an extra triangular piece D 0^ 0 is used, and this 
fcxtra is taken off the geometric pattern. Consequently,* the line 
pf butting is interfered wifcli ; that is to say, th® two lines 
) B and 0 D, instead of meeting, overlap ; 0 B forming a 
unction with O^D instead of with OD; with which OB 
bust always form a junction, for the pattern to be true. In, 
Ifettiu^ out patterns, to prevent error, i,ho best rule to follow 
bd adopt is, to first mark them out independent of any 
llowanco for seams, or wiring, or edging, and to afterwards 
Jd on whatever allowances are intemdod or requisite. In 
ituro diagrams, allowances, where shown, will be mostly 
lown by dotted lines. 


1(12.) Frustum. — If a right cone is (mt by a plane parallel tc 



base, the part containing the apex is a complete cone, as 
G D li (Fig. 8a), and the part C A B D containing the 
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base AHBK is a frmhm of the cone. In other words a 
frustum of a right cone is a solid having circular ends, and 
of equal taper or inclination of slant oveiy where between 
the ends. Oonversely a round equally tai>ering body having 
top and base parallel is a frustum of a right cone. 

(13.) CornpariTig such a solid with round articles of equal 
taper or inclination (»f slant, as pails, coffee-pots, gravy 

Figs. 9. 

j 

I 


strainers, and so on (Fig. 9), it will 
be soon that they are portions 
(frusta) of right cones. 

(14.) In speaking hero of metal- 
plate articles as portions of cones, 
it must be remembered that all 
our patterns arc of surfaces, seeing 
that wo are dealing with metals 
in sheet ; and that these patterns when formed up are not 
solids, but merely simulate solids. It is. howBver, a con- 
venience, and loads to no confusion to entirely disAgard 
the distinction ; the method of expiession referred to is 
therefore adopted throughout these pages. 

(15.) By PMg. 85 is shown the relations of the^ne 0 A B 
of Fig. 8a with its portions 0 C’ D (complete cone cut off), and 
OABD (frustum). The portion 00 D is a cbmplete cone, 
as it is the solid that would bo formed by the revolution of 
the right-angled triangle OFJ) (txjth figs.) around OF.' 
The triangles OFG and OFO (Fig. 8a) represent the 
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trian<rle 0 F D in progroHS of revolution. The triangle 0 E B 
(both hgs.) is the triangle of revolution of the uncut cone 
OAB (Fig. 8ffl) and OEll, OEA represent OEB in pro-, 
gress of roNolution. 'J'he height of the cone OAB being 
OE(both figs.), the hciight of the cone 0 C D is OF (both 
figs.). The radius for the construction of pattern of the 
uncut cone OAB will be 0 B (both figs.) for the pattern oi^ 
GOD, the cone cut off, the radius will l)e 0 1) (both figs.). 
In F E, or D M, we have the height of the frustum. Just as 
(§8) the portion of the rolling cone toucliing the plane at any 
instant is a slant of tlie cone, so the slant of a frustum is that 
portion of it, which, if it were set rolling on a plane, would 
at any instant touch the plane. DB is a slant of the^ 
fnistum C A B D. The extremities of a slant of & frustum 
Are ‘corresponding points.’ Other details of cone and 
frustum are shown in Fig. 8b. 


Fig. la 



(16.) It is obvious that, if the patterns for the cones OAB, 
0 C D (Fig. 8a) be drawn (Fig. 10) from a common centre 
0, the figure A C D B will be the pattern for the frustum 

D 2 
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ACDB (Fig. 8a). Froifi which we see that in order to 
draw the pattern for the fmstum of a cone, we must know 
the slant of the cone of which the frustum is a portion, that 
is, we must know the radius for tlm construction of the 
pattern of tliat cone, and also the slant (radius for pattern) 
of the cone cut off. 


PROBLEM V. 

Given the dimensions of the ends of a round &ju(d-iaperinff body 
(frustum of right cone\ and its upright heifjht. To find the 
slant, or the height, of the cone of which it is a pcnrtion. 

Draw any two lines 0 A, A B (Fig. 11) at right angles to 
each other atid intersecting in A. From A on either line, 

Fig. U. 



4 

say on B A, mark off A B equal to half the <liameter of the 
larger of the given ends, and from A on the other line make 
A 0 equal to the given upright height. Draw a line 0 D 
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parallel to A B, or, which is the sj me thing, at right angles 
to A 0, and make C D equal to half the diameter of the 
smaller end. Join B D, and produce it, meeting A 0 in 0. 
Then 0 A is the height of the cone of which the tapering 
body is a portion, and 0 B the slant. 

PROBLEM VI. 

To draw the pattern for a frustum of a cone^ the diameters of the 
ends of the frustum and its upright height being given. 

The Frustum.. — Draw any two lines OA, BA (Fig. 12a) 
perpendicular to each other and meeting in A ; on one of the 

Fig- 12a. 



perpendicujars, say B A, make AB equal to half the longer 
diameter (radius), and on the other make A C e(pial to the 
given upright height. Draw a line 0 I) 'perpendicular to 
A 0 and make C D equal to lialf the shorter diameter. Join 
BD, and produce it, meeting A 0 produced in 0. With A 
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as centre, and radius Ar3, describe quadrant BE, which 
divide into any convenient number of erjual parts, here 
four. 

To draw the pattern (Fig, 126) take any point O' as 
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centre, and with radius OB 12a) describe an arc 

ACE; also with same centre and radius, 01) (Fig. 12a), 
describe an arc A' (V E'. From any point in the outside 
curve, as A, draw a line tl»rough O', and cutting the 
inner arc in A'. From A mark off successively parts equal 
to those into which tlio quadrant B E (Fig. 12a) is divided, 
and the same niimher of them, four, to B. And from B, 
along the (»uter curve, set off BC, CD, D E, each equal to 
AB. Join EO', cutting the inner curve in E'^ Then 
A A' E' E is the pattern required. 

Just ns 0 B (Fig, 12a) is the slant of the cone that would 
Ije generated hy the revolution of right-angled triangle 
OAB around OA, so DB is the slant of the frustum of 
whieh AA' E'E (Fig. I2h) is the pattern. In tjio pattern 
the slant D B appears as A A', B B', C C’, &o. 

Parts of the Frustum — If B he joined to O', the figure A A' 
B' B will be one-quarter of the pattern of the frustum ; and 
if C be joined to O', the figure A A' C 'C will Ix) pattern for-i 
one-half of it, and so on. The paragraph “ Pattern in 
more than one Piece ” in Problem III. should be re-read in 
connection with this “ Parts of a Frustum.” 

(17.) The lirohlem next# following is important, in that, 
in actual ])ractice, the slant of a round equal-tapering body 
is very often given instead of its height, especially in cases 
where the taper or inclination of the slant is great ; as for 
instance in ceiling- shades. The only difference in the work- 
ing out qf the problem from that of Problem VI. is that the 
radii required for the pattern of the body are found from 
other data. Let us take the problem. 


PROBLEM VIL 

To draw tlfe pattern for a round equal-tapering body {frustum of 
right cone), the diameter of the ends and the* slant being given. 

To find the required radii, draw any two lines 0 A, B A 
(Fig. 13) perpendicular to one another, and meeting in A 
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On either line, as AB, iiu-ho AB equal to half the longer of 
the given diameters and A C equal to half the shorter. From 
0 draw CD perpendicular to AB. With B as centre and 



the given slant as radius, doscAbe an arc cutting C D in B, 
Join B E and produce it to meet A 0 in 0. Then 0 B and 
0 E are the required radii. By E F being drawn parallel to 
A B, comparison may be made between this Fig. and Fig. 
12a, and the difference between Problems VI. and VII. 
clearly apprehended. To draw the pattern, proceed a| in 
Problem VI. 

(18.) For largo work and for round equal-tapering bodies 
which approximate to round bodies without any taper at all, 
the method of Problem VI. is often not available, Tor want 
of space to use the long radii that are necessary for the 
curves of the patterns The next problem shows how to 
deal with such cases ; by it a working-centre and long radii 
can be dispensed with. The juethod gives fairly good 
results. 
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PROBLEM VIII. 

To draWf vrithovit long rsidliy the patfem for a rownd equaU 
tapering body {frustum of right cme), the diameters of the 
ends and the upright height being given. 

First draw one-fjnarter of the plan. (To do this, we fore- 
stall for couveiiience what is taught ia the following chapter.) 

Fig. 14. 



Draw any two linos B 0, C 0 (Fig. 14) perpondicular to ea(;h 
other and meeting in 0. With 0 as centre and radius equal 
to half the longer diameter, describe an arc mooting the lines 
B 0, C 0 in B and C. With 0 as centre and radius equal to 
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half the fihorter diamo^r describe an arc B' C'. This 
completes the one-cpmrter plan. 

* Now divide B C, the largest arc, into any number of equal 
parts, say four ; and join the points of division to 0 by lines 
cutting B'(y in 1', 2', 3'. Join 3'C, and through 3' draw 
3'E perpendicular to 3'C, and equal to the given upright 

“height. Join C E ; then C E may be taken as the true length 
of C 3'. Tlirough O'* draw* C' D perpendicular to C 0 and 
equal h) the u])right height. Join C 1) ; then C 1) is the 
true length of CC'. If it is inconvenient to find these true 
lengths on the plan, it may bo uonu apart from it, as by 
the triangles P and Q. 

• To set out the pattern. Draw (Fig. 15) any lino 0 C' 
equal to C D (Fig. 14). With C' and C as centres and radii 
respectively CE and C3 (Fig. 14) describe arcs intersecting 
in 3 (Fig. 15). With C and C' as centres and radii respec- 
tively CE and C'3' (Fig. 14) describe arcs intersecting in 
3' (Fig. 15). Then C and 3 are two points in the outer 


Pig. 15 . 



curve of tlie pattern, and C' 3' two points in the inner curve. 
To find points 2 and 2', proceed as just explaintd, and with 
the same radii, but 3' and 3 as centres instead of C' and C. 
Similarly, to find points T and 1, and B' and B. A curved 
line drawn from 0 through 3, 2, and 1 to B will he the outer 
.curve of one-quarter of the required pattern, and a curved 
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line* from C' through 3', 2', and 1' to B' its inner curve; that 
is C C' B' B is ono-(iuartor of the pattern. Four times the 
quarter is of course the required pattern complete. 

Note. — In msca wh<‘r(i tliis method will be most usefuT, th<" pattern is 
gonomlly required so ti at the article cun be made in two, tliree, four, or 
more pieces. If the pattern is required in lliri ii pieces, one-third of the 
plan must be drawn («cc end of Problem III., p. 31 ) instead of a quarter, 
in Fig. 14 ; tlio remainder of the construction will thou be as described 
above. 

(19.) It is often desirable in the case of large work to 
know what the slant or height, whichever is not given, of 
a round equal-tapering body (frustum of right cone ) will be, 
before starting or making the article. Hero the following 
problems will be of service. 


PROBLEM IX. 

To find the slant of a round eoual-tapering body (frustum of 
right cone)f the diameters of the ends and the height being 
given. 

Mark off (Fig. 16) from % point 0 in any line OB the 
lengths of half the shorter and longer diameters, as 0 C, 0 B. 

Pig. 16. 



From C draw C D perpendicular to 0 B. Make 0 D equal to 
the given height, and join BD. Then BD is the slant 
"Squired, 
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PBOBLi^M X. 

« To find the height of a round equal-iapering body (frustum of 
right co,ie\ the diameters of the ends and the slant being 
given, 

Mark off (Fig. 17) from a point 0 in any line 0 B the 
lengths of half the shorter and longer diameters, as in PitOBLEM 
IX., and from 0 draw 0 1) perpendicular to 0 B. With B as 
centre and radius equal to the given slant, describe an arc 
cutting C D in E Tlicn C E is the height required. 

Essentially tliis problem has already been given, in the 
working of Peoblem VIL 


Fig. 17. Pig. la 



PROBLEM XI. 


Qiven the slant and the inclination of the slant of a Antnd equaU 
tampering body; to find its height. 


Let A B (Fig. 18) be the slant, and the angle that A B 
makes with C A the inclination of the slant. From B let 
fall BD perpendicular to AC. Then BD is tie height 
required. 


(20.) In the workshop, the inclination of the slant of a 
tapering body is sometimes spoken of as the body being 
so many inches “out of flue.” This will bo explained 
b the foUowmg chapter. If the inclination of the slant 
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is given in these tf^rins the problehi is worked thus. From 
any point 1) in any line C A (Fig. 18) make D A equal in 
length to the number of inches the body is “ out of flue,” and, 
draw DE perpendicular to CA. With >A as. centre and 
radius equal to the given slant, describe an arc intersecting 
PE in B. Then B D will be the height required. 
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CHAPTEB Y. 

Equal-tapering Bodies op which Top and Base are 
Parallel, and their Plans. 

(21.) First let HS nnderstaiwl wliat a plan is. Fio;. 19 
represents an object Z, made of tin, say, having six faces. 


Fio. 19. 



of which the A .B C I) and G H K L faces are parallel, as 
alsotheBDKII and CALG. The ABCD and CDKL 
faces are square. The ABCD face has, soldered flat on it 
centrally, a smaller square of tin ahe^ with a centra) 
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circular hole in it. Now siipp<i 8 c? wires (rnpresonted in the 
fig. by dotted lines), soldered perpendicularly to the 
A B C I) face, at A, B, G, D, a, 5 , c, d, E, and F (the pointp, 
E and F are points at the extremities of a diameter of the 
circular hole). Also 8Uppo.so wires soldered at G and H 
parallel to the othei' wires, and that the free ends of all the 
wires are cut to such length that they will, each of them, 
butt up against a flat surface (| 4 ane), of glass say, X X X X, 
parallel to the A B ( ’ D face. Lastly 8upj)08e that <ill the 
points whore the wires touch tlio glass are joined by lines 
con'csponding to edges of Z (see the straight lines in the 
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figure on the plane) ; also that E' and F' are joined, that 
the line joining them is bisected, and a circle described 
passing thijpugh E' and F'. Then the complete representa- 
tion obtained is a projection of Z. Instead of actually pro- 
jecting the points by wires, we may make the doing of it 
another supposition may, find, as if by wires, the required 
points, and draw the projection. The ABCT) face being, 



48 


METAL-PLATE VOBK. 


say 2 inches square, the ii&t piece, say 1 inch square, an^ 
the hole J inch diameter, and the back face GrHK li, saj 
2J in. by 2 in., then the projection that is upon the glat^ 
would be as shown in Fig. 20. The plane X X XX is here 
supposed vertical, and the projection G' O' D' 11' is therefore 
an elevation; if the plane were horizontal, the projection 
-^/ould bo a plan, and we might regard A B 0 D as the top 
of the body, and G II K L as^its base, or vice versa. Wo may 
define a plan then as the representation of a body obtained 
by }) rejecting it on to a horizontal plane, by linos perpen- 
dicular to the plane. 

(22.) The piano X X X X was supposed parallel to the 
'A B C D face of Z ; the plan A' B' 0' 1)' of it is therefore of 
the same fehape as A B C 1 >, and in fact A B C D may be said 
to be its own jdan. Similarly the G'H' J)'C' is the plan of 
the back-face G II K L and is of the same shape as that face. 
But the plan of the face A G 11 B to which the plane is not. 
parallel is by no moans the same shape as that face, for the 
long edges B H and A G of the face A G H B are, in plan, 
the short lines B' H' and A' G'. We need not, however, go 
farther into this, because in the case of the bodies that now 
concern us, the horizontal plan(5 on which any plan is drawn 
is always suj)posed to be parallel to the princij)al faces of 
the body, so that the plans of those faces are always of the 
same shape as the faces. In this paragraph the plane 
X X X X is supposed to be horizontal. 

(22fl.) We are now in a position to explain the<getting at 
the true length of 00' in the fig. of Piioblem VIIL, p.*-42; 
or, putting the matter generally, to explain the finding the 
true lengths of lines from their apparent lengths in their 
plans and elevations. Horizontal lines being excepted, there 
is, manifestly, for any line, however positioned in space, a 
vertical plane in which its elevation will appeaf as (if not a 
point) a vertical line. Let B E (Fig. 17, p. 44} be any line 
in the plane of the paper, and let 0 D be th^ vertical plane 
seen edgeways on which the elevation E 0 of B E is a vertical 
?ine- Then if OB be a horizontal plaijie seen edgeways "" 
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passing through C, tlio line joining the B extremity of B E 
to the C extremity of its elevation will be the plan of BE. 
Wo get thus the figure ECB, a figure in one plane, the 
plane of the paper, a right-angled triant'le in fact, of which 
the E C side is the elevation of BE, the C B side its plan, and 
the hypotenuse the line itself ; a figure, which, as combining 
a line, its plan, and its elevation, we have under no other* 
conditions than when the elevat 'on in question is a vertical 
line. In the plane passing through E C and B E, that is, in 
the plane in which these lines wholly lie, we have in the 
line that wo got by joining C with B the plan, full length, 
of BE. In icspect of this plan of BE, we are coneemod 
with no other measurement, because, in a right-angled 
triangle representing a line and its plan and elevation, no 
other measurement of the plan line can come in. Not so, 
however, with the elevation lino of B E. Here other mea- 
surement of it than its length can and does come in, because 
that length varies according to the position of the vertical 
plane with regard to it ; the plan length is always the same. 
But to have in the throe sides of ECB, the representation of 
B E, and itr plan and elevation, it is evident that the plan§ 
which contains B E and its# ])lan C B must also wholly 
contain the elevation E 0 ; that is, the plane must be perpen- 
dicular to the plane of the triangle. Now, no matter on 
what vertical plane the lino B E is projected, although the 
length of the projection will vary, the vertical distance 
between extremities, that is, its height, never varies. 
Henctt, if, in any right-angled triangle, we have in the 
hypotenuse the representation of a lino, in one of its sides 
the plan of the lino, and in the other side, not ntjcossarily the 
elevation Jhat comes out vortical, but the height of any 
elevation of the lino, it comes to the same thing as if in the 
latter side vm had the actual elevation that is vertical. And 
hence, further, if wo have given the plan-length of an 
unknown lino, and the vortical distance between its extre- 
mities, wo can, by drawing a lino, say C B, equal to the given 
plan-length, then (h*awiiig from one of its extremities and at 
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right angles to it, a line,(iay CE, equal to tlie given vertical 
distance, and finally joining the free extremities, as by BE, 
of these two lines, construct a riglit-anglod triangle, the 
hypotenuse, BE, of which must be the true Icngih of the 
unknown line ; for there is no other line than B E of which 
C B and C E can ho, at one and the same time, plan and 
^elevation. W'e have exjdained this truc-lijngth matter fully, 
because we have to mak3 use of it abundantly in problems to 
come. , 

(23.) Proceeding to the bodies wc have to consider, we 


Fio. 2L 



take first a frustum of a cone. Fig. 21a. To draw its plan, let 
us suppose the extremities of a diameter of its smaller face 
top (namely points A and F of the skeleton drawing Fig. 21b) 
(neither drawing is to dimensions), to bo i)rqjec^\}d, in the 
way just explairuid, on to a plane parallel to the f'ace,lhen, 
also as there explained, we can draw the cirede which is a 
projection of that face. Sup}) 08 ethe smaller circle of Fig. 22 
to be that circle, and to lie to dimensions. Pi’ojebting now, 
similarly, the extrcrnilies of a diameter of the larger face 
(base), namely the points C and D of the skeleton drawing, 
on to the same plane, we can get the projection of the larger 
face. Let the larger circle of Fig. 22 Ik) that projection. 
The two circular projections will be emmUrk (having the 
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same centre) because the body Z is of equal taper, and they 
will, together, be the plan of Z, that is Fig. 22 is that plan.^ 
A C and F D each show the slant, and B A and E F the 
’ height. B 0 and D E each show the distances between the 
plans of corresponding points. 


Fio. i;?. 



(24.) Turn to the skeleton drawing of Z. Here A C shows a 
slant of the frustum (§ 15), A B its height (see D M, Fig. 86), 
and A and 0 are ‘ corresponding points * (§ 15). Looking 
at 0 D E B as at the plan of the frustum, we have, in the 
point B, ^0 plan of the point A. Joining B C, we get a 
righAangled triangle ABC; the slant A C is its h}'potenu8e, 
the height A B is one of the sides containing the right angle, 
and the other side containing the right angle, B C, is the 
distance l^tween the plans of the corrt spending points A and 
C, as also between plans of con’esponding points of Z any- 
where. J’hfs distance is that of how much the body is * out 
of flue * (a workshop expression that was referred to at the 
end of the previous chapter), in other words, how much A 0 
is out of parallel with A B. What points, in the plan of 
a frustum, are the plans of correspond i tig points is shown# 
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by the fig., as tho lino joining tbc plans of corresponding 
points (tho line joining B and C or that joining D and E, 
lor instance) will alwaj^s, if proilnoed, pass through tho 
centre of the circles that constitute tlic plan of th(i friistinn ; 
the centre of the circles being the plan of the a])ex of tho 
cone of which the frustum is a part, Wliich leads us to 
this; that the distance, actually, between the plans of 
corresponding jjoints in the" plan of a frustum is ecjual to 
half the difierence of the diameters of its two circles ; for, 
the difference between E B and 1) C is the sum of 1) E and 
B C, and D E and B C are erpial ; in other words, either 
D E or B 0 is half the difference betw'eon E B and D 0, 


Fig. 23a. 



(25.) Let us now consider another equal-tapering body 
which has loj) and base parallel, and we "will suppose it to 
have flat parallel sides, flat ends, and lound p.piadrant) 
comers. Such a body is represented, except as to dunen- 
sions, in Z, Figs. 23a and h; Fig. 23/^ being a skeleton 
drawing of the body represented in Fig. 23a. Extending 
our definition of ‘ slant ’ to a})ply to such a body-, a ‘slant’ 
becomes tho shortest line that can be drawn anywhcjeon 
the slanting surface; and ‘corresponding points’ become, 
in accordance, the extnuue jmints of such line. Either of 
the liiKjs F A, G B, E U, II L, or j\I 0 represent a slant of 
tho body, and F and A are corresponding points ; as also 
' are G and B, E and 0, 11 and L, and M acid 0. The height 
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of the body is represented by oitiier of the lines F A', G B', 
EC', II L', or MG'. 'I'Ko piano for the [dan being parallel 
to the M P Q It face (here the top) of Z, the plan of that faqp 
is of the same shape as the face. The- rouiid-eurnored rect- 
angle A' F' G' D' B' G' of Fig. *29 is the plan to dimensions. 
For the same reason the j)lan of the OATS face (hero the 
base) is of the same shape as that face. The round-cornered 
rectangle A F GD B C of Fig. ‘^9 is the plan to dimensions. 
How actually to draw these plans wo shall deal with 
presently as a problem. T’hc two circles constituting the 
plan of the frustum were concentric, that is, symmetrically 
disposed with respect to one another, because the frustum 


Fig. 236. 



was an e(|ual-tapenng body ; and the plans of top and base 
of the body we are now dealing with are symmetrical to each 
othu? fur the same reason. The two plans (Fig. 29) together 
are the plan of the body Z. 

(26.) Looking at A B C D A' B' C D' of the skeleton draw- 
ing (Fig.^236) as at the plan of Z, wc have, just as with the 
con»5 frustum, in the point A' the plan of F, in the point B‘ 
the plan offG, in the point r' the jdaii of F., in the point L' 
the i)lau of II, and in the point O' the plan of M. Further as 
in the case of the frustum, if we join any point in the plan 
of the base, as A, to the plan of its corresponding point A', 
then we have a right-angled triangle, F A A', of which th§ 
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hypotenuse F A represent!^ the slant of the body, F A', one 
of the sides containing the right angle, its height, and A' A, 
the other side containing the right angle, the distance 
between the, plans of the corresponding ])oint8 F and A, which 
is also the distance between B and R', C and O', L and L', 0 
and O', and between plans of corresponding points of the body 
anywhere, the body being of equal taper. As with Fig. 21h 
what points, in the ])lan, are the ])laj>s of corresponding points 
is clear from the fig. Wh< re the plan of the body consists 
of straight lines, the plans of corresponding points are always 
the extremities of lines joining these straight lines perpen- 
dicularly; the extremities of A A', B B', CC', and L L', for 
instance. Where the plan of the body consists of arcs, the 
plans of corresponding points (compare witli cone frustum) 
are the extremities of lines joining the arcs, and wliich, pro- 
duced, will pass through the centre from which the arcs are 
described ; the line 0 0' for instance. To make all this quite 
plain, leference should again be made to Fig. 29; also to 
Fig. 28, which is the plan of an eqi al-t apering body with 
top and base parallel, and having flat sides, and semicircular 
ends. In Fig. 29, A A', B B', C O', D D', are linos joining 
the plan lines of the flat sides ayd ends perpendicularly, and 
the extremities of each of these lines are plans of correspond- 
ing points, that is to say, A and A' are plans of corresponding 
points, as are also B and B', C and C', and D and D'. Also 
F and F' are plan.s of corresponding points, being the 
extremities of the lino F F' which is a lino joining^the ends 
of the arcs which are the plans of one of the quadrant 
corners of the body. Similarly G and G' are plans of corre- 
sponding points. In Fig. 28, F F', G G', D D', E E', are lines ' 
joining peiqiendicularly the plan lines of the flat sides of the 
body at their extremities whore the semicircular ends begin ; 
and F and F', G and G', D and 1)', E and E' ai3 plans of 
corresponding points. Also A and A' are plans of corre- 
sponding points, and B and B', seeing tlmt the lines joining 
these points, produced, pass respectively through 0 and O', 
tile centres from which >he semicircular ends are described. 

ft 
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In the cone frustum, the actual distance between the plans of 
correspondiupj points was, we saw, etjual to half the ditterence 
of tlio diameters of the two circles constituting its plan! 
Similarly with tl»e iKKly Z of Fig. 23a, and indeed with any 
equal- tapering body of whieh the top and base are parallel, 
if we have the hmgths of the toj) and base given, or their 
widths, the distance between the plans of corresiX)nding 
points (number of inches ‘ out of flue ’) is always equal to 
half the difibrciioe hetweA'u the given lengths or widths. 
Thus, the distance between the plans of corresponding points 
of Z is (Hpial to half the diflcrenco hctwoeii A B and A' B' 
(Fig. 29) or hctwoeii OD and C'D'; and the distance be- 
tween the plans of corresponding points of the body of whiclf 
Fig. 28 is the plan, is ecpial to half the difference between 
A B and A' B' of that fig., or between F 1) and F' D'. 

Summarising wo have 

a. In the plans of o(pial-taporing bodies which have their 
tops and bases parallel, there* is, all round, an equal distance 
between the plans of cornssponding points of the tops and 
bases. 

b. Conversely, -If, in the of a tapering body with top 
and base parallel, there is an equal distance all lound between 
the plans of corresponding points of the top and base, then 
the tapering body is an equal-tapcring body, that is, has an 
equal inclination of slant all round. 

c. The nlan of a round oqual-tajiering lx)dy having top and 
bas^iiiparallel, consists of two concentric circles. The plan of 
a portion of a round equal-tapering body having top and base 
parallel, consists of two arcs having the same centre. 

The corners of the body Z (Fig. 29a) aro jKiitions (qunrtor») of a round 
equal- tapering body ; their jdaiiB are arcs (quadrants) of circles having the 
same centre 

d. Conversely , — If the plan of a tapering l)ody having top 
and base parallel, consist-s of two concentric circles, then the 
body is a fnistum of a right c;one. Also if the plan of a 
tapering body hapng top and base parallel, consists of tw<> 
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arcs having the same centre, then the body is a portion of a 
frustum of a right cone. 


Fig. 2t. 



'J’ho plan of each end of tlie liiperiiig body 
rcpr(>s(“utod in plan in Pig. 28 consists of two arcs 
(semb'ircles) having the, same ^('nlrc ; the ends 
aro jifntionH (halves) of a frustnm of a right 
<'one. I'bo plan of each corner of Urn tap ring 
body Z (b’lg. 2!’ia) consists of two arcs (quadiarits, 
Fig. 29) having the same centre; the corners aro 
jioitions (quarters) of a fin.siniu of a right cone. 
The fig. aniK'xed n-presents a quadrant corner 
in plan separately. 


We conclude the cha})tor witli some proldcms. 


PROBLEM XIL 

Given the height and slant of an equal -tapering body loith top and 
base pandlel; to find the distance between the phns of 
corresponding points of the top and base {number of inches ‘ out 
of flue'). 

Lot C A' (Fig. 25) he the given height. Draw A'B per- 
»)endieular to A' C ; with C as centre and the given slant as 



radius, describe an arc cutting B A' in A. Then A A' is the 
.distance required. 
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PROBX.?.M XIII 

Given the height of an egual-tapering body with top and basd 
parallel^ and the inclination of slant (number of inches ‘ out of 
flue ’); to find the distance betwmn the plans of corresponding 
points of the top and base. 

Let C A' 26) be the j^iven height. Through A' draw 
a lino A' B perpendicular to 0 A' ; from any point, D,,in A' B 
draw a lino 1) E making with V B an angle equal to that of 
the given inclination. From C draw 0 A parallel to E D 
and cutting A' B in A ; then A A' is the distance required. 

. Fio. 26 . 


c 



PROBLEM XIV. 

To draw the plan of a round equal-tapering body loith top and base 
nxroMel (frustum of rigid cone), the diameter of either end 
oeing given and the height and slant. 

Case i. — Given the height and slant and the diameter of the 
smaller cud. 

On any line OB (Fig. 17) set oil OC equal to half the 
given diameter, i^d from C draw C D perpendicular to 0 li 
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Mark off 0 E equal to the given height, and with E as centre 
and Uidius equal to the given slant, describe an arc inter- 
fleeting OB in B ; then 0 B will bo the distance in plan 
between corresponding points anywhere in the frustum ; that 
is to say (by c, p. 55 j 0 C will be the radius for the plan of 
the smaller end of the frustum, and 0 B the radius for the 
plan of the larger end. 

Case JL — Given the height and slant and the diameter of 
the larger end 

On any line OB (Fig. ‘27), set off OB eijual to half the 
given diameter, and now work fn»m B towarrls 0 instead of 
from 0 towards B ; thus. From B draw B 0 perpendicular 
to 0 B. Mark off B D equal to the given height, and with 
D as centre and radius eqmil to the given slant, describe an 
arc into ting 0 B in E ; then B E will be the distance in 


Fio. 27. 



plan of corresponding points anywhere in the frustum ; that 
is to say (by c, p. 55) 0 B will be the radius for the plan of 
the larger end of the frustum, and O E the radius for the 
l^lan of the smaller end. 
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PROBLEM XV. 

To draw tha plan of a round equnUtajiering hodif with top and base* 
parallel {frustum of right cone), the diameter of either end 
being given^ and the number of inches * out of flue ’ (distance 
between plans of corresponding points). 

Case I. — Given the number of inches ‘ont of flue,’ and the 
diameter of the siiiaUer end. 

The radius for the smaller circle of the plan will be half 
the given diameter ; the ladius for the larger circle of the 
plan will be this half diameter Vith the addition of the 
number of inches ‘ out of flue.’ 

Case II. — Given the number of inches * out of flue,’ and the 
diameter of tlie larger end. 

The radius for the larger circle of the plan will be half 
the given diameter ; the radius for the smaller circle of the 
plan will be the half diameter less the number of inches ‘ out 
of flue.’ 

(27.) It should bo noted that with the dimensioiiH given 
in this problem, wo can dra^* plan only, wo could not draw 
a pattern. To do that wo must also have height given, for 
a plan of small height and considerable inclination of slant 
ij also the plan of an infinite number of other frusta 
(plural of frustum) of all sorts of heights and inclinations of 
slant. 


PROBLEM XVI. 

To draw the plan of an oblong equaUt apering body with top and 
base parallel^ and having fiat (plane) sides and semicircular 
ends. 

Case I. — Where the length and width of the top are given, 
and the length of the bottom. 

Commencing with the plan of the top, wo know from § 26 
that it will be of jjie tame shape as the top ; w*^ have there- < 
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fore to draw that shape. On any lino A B (Fig. 28) mark off 
A B equal to the given length of the top. From A set off 
AO, and from B set off BO'eaeh equal to half the given 
wiilth of Uie top. Thrt>ngh 0 and O' draw lines perpen- 
dicular to A B ; and with 0 and O' as centn^s ami 0 A or 
O' B as radius dcscrihe ares in(H‘ting the pcn pendieulars in 
OF and EG. As I) F and EG ]>ass throngli the centres 
0 and O' res])ectively they 'aic diameters, and the arcs are 
semickcles ; these diameters, moreovm*, are cacli equal to 
the given width. Join D E, F G, and the plan of tlio top 
is complete. 



The plan of the base will bo of the same shape as the 
base, ami we will 8U})poHe it smaller than the top.' ^'^^atwe 
have then to do is to draw a figure of the same shajio as tho 
base, and to so place it in position with the plan of the top 
that wo shall have a complete plan of tho body we are 
dealing with. By a, ]>. 55, wo know that tho distandes between 
the plans of corresjionding points of the top^and base all 
round the full plan will bo equal. We have therefore first 
to ascertain the distance between tho plans of any two 
corresponding jioints. This by §26 will in the present 
instance be equal to half the difference between the given 
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lengths of the top and base. Sot off this half-difference, as 
the base is smaller than the t.>p, from A to A!. Then with 
0 and 0' as centres, andOA’ai, radius, doKcribe the semi-, 
cindes D' A' K', E'JVG'. Join D' K', F' (V, and Wi! have the 
required jdaii of tlie body. 

Case TI. — Where the hmgth and width of the top are given, 
and the height and slant, or the lieight and the 
inclination of the slant (nnm’oer of inches ‘jjnt of 
fine’). 

First draw the plan of the top as in CJase T. Then if the 
height and slant are given, find b}" Problem XII. the distance 
between tlio plans of corresponding points. If the height' 
and inclination of slant arc; given, find the distance by 
Problem Xlll. If the inc lination of the slant is given in the 
form of ‘out of flue,’ the number of inch(.‘s‘out of flue* is 
the required distaiico. Set off this distance; from A to A' 
in the fig. of Case L, and complete the plan as iu Case I. 

Case III. — W’horo the length and width of the base 
(bottom) are given, and the height and slant, or the 
height and the inclinatic^i of the slant. 

On any lino A B (Fig. 28) mark off A' B' equal to the 
given length of the bottom. From A' set off A' 0 and from 
B' set off B' O' each ecpial to half the given width of the; 
bottom. Through 0 and 0' draw indefinite lines I) F, E G 
perpeujjj(jwlar to A B ; and with 0 and O' as contrt;s, and 0 A' 
as ramns describe the semicircles F' A' D', G' B' E', join D' E', 
F' G', and wo have the plan of tho bottom. Kow by Problem 
XII. or Probhnn XIII., as maybe required, find the distance 
between the plans of (iorrc^siKWiding points, or take the number 
of inches ‘out of flue,’ if this is what is given. Set oft' this 
distance from A' to A. With 0 and 0’ as centres and 0 A as 
radius describe semicircles meeting the perpendiculars 
through 0 and O' in I) and F and in E and G. Join 1) E, 
F G, and the plan of tho body is completed. 
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PEOBLEM XVII. 

. To draw the plan of an obhng equal-tapering body with top and 
base paarallel, and having flat sidea^ flat ends, and round 
(quadrant ) corners. 

Case I.-~Whoro the length and width of top and bottom 
(base; arc given. 

DraV any two lines A B, C D (Fig. 29) perpendicular to 
each other and intersecting in 0. Make 0 A and 0 B each 
eaual to half the length of the top, which we will suppose 


Fig. 29. 



larger than the 1 -ottom, and 0 A' and 0 B' each equul to half 
the length of the bottom. Also make 0 C and 0 I) each 
equal to half the width of the top, and 0 C' and*'0 D' each 
equal to half the width of the bottom. Through C* D, C', and D' 
draw lines parallel to A B, and tlirongli A, B, A', andB' draw 
lines parallel to C D and intei secting the lines parallel to A B. 
We have now two rectangles or oblongs, and we require 
1,0 draw th round corners, which are quarters of circles. 
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From the intersecting point E along fho sides of the rectangle 
mark equal distances E F and E G, according to the size of 
quadrant corners n.quired. With F and G as centres and E F. 
or E G as radius, describe arcs intersecting in Q' ; and with 
O' as centre and same radius, desci ibc the arc F G, which 
will be a (piadrant Ix^causo if the points F and G bo joined to 
0' the angle F 0' G will be a right angle (]). 21). Draw 
F F' parallel to A 11 and GC' parallel to C E, and with 0^ 
as centre and radius O' F' describe the arc F' G', wliicli also 
will bo a quadrant. Wo have now the plan of one of the 
quadrant corners; the other corners can be drawn in 
like manner. 

(27a.) It is important to notice that the larger corner aeter-» 
mines the smaller one. In pi actico it is therei'ore offbn best to 
draw the smaller corner first, otherwise it may sometimes be 
found, after having drawn the larger corner, that it is not 
possible to draw the smaller curve sufficiently large, if at all. 
To draw the smaller conjer first, mark off from the intersect- 
ing point E' equal lengths E' F', E' G', according to the size 
determined on for the comer. With F' and G' as centres 
and E' F' or E' G' as radius describe arcs intersecting in O'. 
Then 0' will be the centre fonjthe smaller corner. It will also 
be the centre for the larger corner, which may be described 
in similar manner to the smaller corner in the preceding 
paragraph. 

Case II. — Where the dimensions of tho top are given and 

» ‘ig]it and slant, or the height and the inclination of 

imt. 

Draw the plan of the top, AD BO. Find the distance 
oetween tho plans of coriesponding points of tho top and base 
by Problem XII., or Problem XII 1., according to what is 
given; and |et off this distance, as the base is smaller than 
the top, from A and B inwards towards 0 on the line A B, 
and from D and C inwards towards 0 on the lino D C. 
Complete the plan by the aid of what has alri'ady been 
explained* 
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Case TTI. — Where the dimensions of the bottom are given, 
and the length and slant, or the height and the incli- 
nation of the slant. 

Draw th^ plan of the l)ottom, A! D' B' O', find the distance 
between the plans of corresjionding points of top and bottom, 
set this oil' outwards from A', D', B', and C' and complete the 
plan by aid of what has already been stated. 

PROBLEM XVI IT. 

To draw the plan of an oval eqml-tapering body with top and 
base parallel^ the length and width of the top and bottom 
hein<^ given. 

Draw (Fig. 30) any two lines A B, C I) intersecting each 
other at right angles in 0. Make 0 A and 0 B each equal 

Pig. 30. 


A 


o 

to half the given length of the larger oval (top or bottom, as 
may be), and 0 C and 0 D each equal to half its given width. 
. A B and C D will be the axes of the oval. From A, on AB. 
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mark off A E equal to C B tlio width of the oval, and divide 
E B into three oqiiMl parts. With 0 as (centre and radius 
equal to two of these parts, as frtun E to 2, describe arcs 
cutting A B in Q and Q'. With Q and Q' as Centres and 
Q Q' as radius d(!S(jribe ares intersecting in P and P' ; and from 
P and P' draw lines of indefinite length through 'Q and Q'. 
With P and F as centres and r!»dias P i) describe arcs (the 
side ares), their (ixtremities terminating in tlui lines drawn 
through Q and Q'; and with 0 end Q' as (wmtres, and radius 
Q A, describe arcs (tlie end arcs) to meet the oxtn'mities of 
the side arcs. This completes the })lan of the larger oval. 

To draw the plan of tln^ smaller oval. Make 0 A' and 0 B' 
each equal to half the length of the smaller oval, and with 
Q and Q' as centres and QA' as radius describe tlie end 
curves, their extremities terminating, as do the* outer end- 
curves, in the lines drawn through Q and Q' ; the point R is 
an extremity of one of th(‘, smaller curves. With P and P' 
as centres and radius PR, describes the side curves. The 
plan of the oval c(jual-ta 2 )ering body is then complete; of 
which citlier the larger or smaller ovals are plan of top and 
bottom according to the purpose the article may be refjuired 
for. * 

(28.) The plans of corresponding points in the plan of an 
oval equal-tapering body will be the extronuties of any lino 
joining tJie inner and outer curves anywhortj, and that, pro- 
duced, will pass through the centre from which the curves 
where V”’’ *jd by the line are described. 

To draw the plan (ff an oval e{jual-tapcring body with top 
and base parallel, other dimensions thnn the above may be 
given. For instance the top or bottom may be given, and 
either the llbight and slant, or the height and the inclination 
of the slant (^niinber of inches out of flue). It will he a 
useful practice for the student to work out tlicse cases for 
himself by the aid of the instruction that has been given. 
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CHAPTER YI. 

Patterns for Articles of Equal Taper or Inclination 
OF Slant, and having Flat (1‘lane) Surfaces. 

(Class I. Suhdivmon h.) 

Definition. 

(29.) Pyramid. — A pyramid is a solid having a base of 
three or more sides and triangular faces meeting in a point 
above that base, each side of the figure forming <he base 
being tlie base of one of the triangular faces, and the point 
in which they all meet being the apex. The shape of the 
base of a jiyrainid determines its name ; thus a pyramid with 
a triangular base is called a triawjular pyramid; with a 
square base, a square pyramid; with a hexagon base, an 
hexagonal }>yramid (Fig. 91) ; and so on. The centre of the 
base of a pyramid is tlie point in which perpendicular lines 
bisecting all its sides will intersect. If the apex of a pyramid 
is perpendicularly above the centre of its base, the pyramid 
is a right pyramid (Fig. 31 rejircsonts a right pyramid), in 
which case the base is a regular polygon and the triangular 
faces are all equal and all eipially- inclined. Ina^vramid, 
the lino joining the apex to tho centre of the base is" called 
the axis (the line V V', Fig. 31) of the pyramid. 

(30.) An important property that a right pyramid possesses 
is that it can lie inscribed in a right cone, 

(31.) A pyramid is said to be inscribed ii^ a cone when 
both the pyramid and the cone have a common apex, and the 
base of the pyramid is inscrilied in the base of a cone ; in 
other words, when tho angular points of the base of the 
pyramid are on the circumference of the base of tho cone and 
the apex of cone and pyramid coincide, • 
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(32.) Fig. 31 shows a riglif, i)yramid inscribed in a right, 
cone. The ajiex V is common to both pyramid and cone, and • 
the A, B, C, (^c., of the base of tlio pyramid are on the 
circumference of tlie base of the cone Also the axis V V' is 
common to both cone and pyramid. Further, the edges 
V A, V B, V C, &(i., of the pyramid arc lines on tlie surface 
of the cone, such lines or edges luring each a slant of the 
cone, or in other words a radius of the pattern of the cone in 


Fig. .31. 



wliich the pyramid is inscribed. It hence follows, that if the 
pattern of the cone in which a right pyr.imid is inscribed be 
set out wiMi the lines of contact of cone and pyramid, as 
V A, V B, &c.^ on it, and the oxtremitic'^ of these lines be 
joined, we shall have tho pattern for the jiyramid. Thus, 
the drawing a pattern for a right pyramid resolves itself into 
first determining the cone which circumscribes the jiyramid, 
and next drawing the pattern of that cone with tho linos of 
contact of pyramid and cone upon it. 


9 
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PROlUiEM XTX. 

To draw the pattern for an heoragonal right pyramid, ita height 
and base being given. 

Draw (Fig. 32ff) the plan A P» C T) E F ef (he hase of the 
pyramid, wliieh will he, of the same shape as (lie base (see 
(lhap. V.) ; the base in fact will b(! its own plan. Next draw 
any t\to lines 0 A, EA (Fig. perpiiiidicnlar to each 
other and meeting in A ; make A lEnpial to the radius of the 
cii‘cums(!ribed cinde (Fig. .‘52rt), and AO equal to the given 
height of (ho pyramid. Join J> 0 ; then P> 0 is a slant of the 


Fig. 32«. Fig. 32&. 



cone in which the ]»yramid can be inscribed, that say, is 
a radius of the iiattern of that cone. The line ETT is also 
a lino of contact of the cone, in which the pyramid can be 
inscribed, that is, is one of the edges of the pyramid. 

To draw the pattern (Fig. 32c). With any ‘point 0' as 
centre and E 0 (Fig. 32h) as radius, describe an arc ADA, 
and ill it take any point A. Join A O', and from A mark off 
A B, B 0, C J), D E, E F, and F A. corresponding to A B, B C, 
C D, D E, E F, and F A of the hexagon of Fig. 32a, and join 
the points E, (1, D, E, F and A to O'. Join A B, BC, CD, 
D E, E F, and F A, by straight lines; an^ the 6 gnre bounded 
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by O' A, the straight lines from A to A, and A O', will bo 
the pattern required. I’he lines BO', (U)', Ac., corrcHpond 
to the ed^os of tlui ])yrainid, and sliovv llni lines on which to 
‘ bend uj) ’ to get the laces of the pyramid, tlie liius O' A and 
O' A then butting together to form one edgo. 

Similarly the pattern for a right pyramid of any nnmher 
of fac(js can be drawn, the first step always being to di-aw the 
plan of the base of tlio pyramid ; the circle passing through 
the angular ]mints of wliich will bo the plan of the base of 
the cone in which the pyramid can ho inseribed. 

Fig. 32c. 

D 



Sii])^^ose, instead of the dimensions from which to draw the 
plan ot the base of tlio pyramid, the actual plan he given. 
The centre from which to strike the circumscribing circle can 
then be found by the Definition § 21). 

Definition. 

(33.) Truifcatt d jiyramid. Frustum of pyramid.—Tf a 
pyramid be cut by a plane parallel to its base, the part 
containing the apex will bo a comploto pyramid, and the 
other part will be ii tapering body, the top and base of which 
are of the same sl^ape but uneiiual. This tapering body is 
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called a truncated pyramid, or a frustum of a pyramid. The 
facjes of a truncated ])yrainid wliich is a frustum of a right 
pyramid are all equally inclined. In Fig. 33 is shown such 
a frustum standing on a horizontal plane. 

(34.) Comi)arison should here he made between thisdefiui- 


^i(i. 33 . 



tion and that of a frustum of a cone {see § 12), which it closely 
follows; also between Fig. 21 and Fig. 33. 

(35.). Articles of equal taj'^er or inclination of slant and 
having flat (plane) surfaces and top and base parallel 
(hexagonal collee-pots; hoods; Ac.), are portions of right 
pyramids (truncated pyramids), or portions of truncated 
pyramids, 

(36.) Exactly as a pyramid can be inscribed in so a 

truncated pyramid can l)c inscribed in a frustum of a cone, and 
the edges of the trumiated pyramid are liiKjs on the surface 
of that frustum. The skeleton drawing, Fig. 336, shows a 
right truncated pyramid inscribed in a cone frustum. It also 
represents the plan of the cone frustum, and that of the 
pyramid frustum, with the lines of projection (see Chapter 
V.), of the smaller end of the latter on to the horizontcil 
plane. This inscribing in a cone gives an easy construction 
for netting out the pattern of a timncated pyramid ; which 
construction is, to first draw the patter^ for the pyramid of 
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which the tninoatcul pyramid is a portion ; and then mark 
off on this pattern the pattern for the pyramid that is cutoff. 
Here again comparison should he made with what has heon* 
stated about the pattern of a frustum of a cone (see § 16), and 
the resemblance noted. 


raOBLEM XX. 

To draw the pat fern for an equal Utpning body made up of flat 
surfaces {truncated right pyramid), the height, and top and 
bottom being given. 

Suppose the equal-tapering body to be hexagonal. 

To draw the required plan of the frustum. Thespians of 
the top and bottiun are respectively of the same shape as 
the top and bottom (§ 25). Draw (Fig. 34a) A B C I) E F the 
larger hexagon (Problem X., Chap. II.) and its diagonals 

Fig. 34tt. Fia. Sib. 



A D, B E, 0 f intersecting in Q. On any one of the sides of 
this hexagon mark off the length of a side of the smaller 
hexagon, as A G on A F, and through G draw G F' parallel 
to the diagonal AD, and cutting the diagonal FC in F', 
With Q as centre |,nd QF' as radius describe a circle. Thoi 
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points in wliich this cuts the diagonals of tlie larger hexagon 
will he the angular points of the smaller hexagon. Join each 
of these angular points, hegiiiniug at F', lo the one next 
following, as F'E', E'D', &c. Tlien F' E' D' ( !' B' A' is the 
plan of the smaller hexagon, and, so far as needed for our 
pattern, the plan of the ‘equal-tapering body nnnh^ up of 
flat surfaces ’ is complete. Jlui liis's A A', B If, C,* tf, will he 
the plans (see and comjtare lin< s 1)E and B C of Fig. of 
the slaiiting edges of the frustum. 

Next draw (Fig. Mh) two liiu's 0 A, B A, perpendicular to 
each other, and meeting in A ; mak<‘ A B e<jnal to tlie radius 
of the eii ole circumscrihing the larger hexagon of plan, and 

Pm. 34c. 



A C equal to the given height of the body. Thiough Cl draw 
C D perpendicular to A 0, and niako C 13 equal todhe radius 
of the circle which passes througli the angular points of the 
smaller hexagon (Fig. 34a). Join BD, and produce it to 
meet A 0 in 0. 

To draw the required pattern (Fig. 34c). Draw any line 
0' A, and with 0' as centre and 0 B, 0 D (Fig. 34?>) as radii, 
» describe arcs ADG, A'D'G' (Fig. 340)^ Then take the 
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straight lino longtli AT'» (Fig. Ma), and sot it off as m ohord 
from A (Fig. dl<-) on tne arc AlXi. Do tlio same 
snccessivoly, from ])oint V>, with the straight line Kmgths* 
(Fig, dla) ilD, C 1), D K, F F, F (t, the terminat'ng jaant of 
ea(di chord n,s set off, hciiig the starting i)oint for fh(^ next, 
the chord FD (Kig. 'Me) corrospondiiig to tlic straight line 
lengtli F A (Fig. Mu). Join (Fig. >Mc ) thi^ points B, (j, D, E, 
F and (J to O' hy liin^s cnlting the arc A' 1>'(J' in IV, C, D', 
E',F',and G'. Join A B, B ( C D, Ac., and A' B', IftV, (TD', 
&c., l)y straiglit lines; then ADGG'D'A' is tlio pattern 
required. 

The frustum of pyiamid is ht^re hexagonal, hut hy this 
method the pattern for any regular pyramid (oit q^irallel to* 
its haso can ho drawn. The next prohlem will show methods 
for larger work. 

(.37.) If O' A l)(t(Fig. the paltcrn for the cone i!i which the 
frustum of pyramid is itisciihod, Ix^ cut out of zinc or oilier inet.d, and 
snudl holes he imuched at the points A B. (’, &e., and A', B', O’, Ac ; and 
if tlie i-onc bo then made uji with the lines O' A, O'B', Ac., marked on it 
inside, and wires he sohlen'd from hole to hoh* successively to form the top 
and bottom of the truncated jiyraniid, then (1) the whidt' pyramid of 
whicli Ihe truncated pyramid is a portion, (2) the pyramid that i« cut off, 
as well as (3) the Irmicated pyramid, will he clearly seen inscrilx'd in the 
eone. The making such a model will amply repay any one who desires to 
be thoroughly couvei^ani with the construction of arliclcsof the kind now 
under consideration. 


BUOBLEM XXL 

To draw, without using long radii, the ixntcrn for an eqnal- 
taperiiifj hodij made wp of flat surf area, the heiyht and top 
and hjiUom hehaj (jiven. 

Again sii]T[)ORe the body to l>c hexagonal. 

(Jase I. For ordinarily large work. 

Draw (Fig 35a) the jdan as hy last prohlem. Next join 
A B', and draw B'G iierpendicular to AB' and eipial to the 
given height of the body. Also draw B' H perpendicular to. 
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(Fig. 36a), and vidth IV as ctaitre and radius equal to 0 A 
(Fig. 35a) fleHcribe arcs intors<‘cting in C, ri^^ht and loft of 
BB'. ^\ith B as <3eiitre and the simie GA as radius, and 
with IV as centre and radius IV A', dosiTihe arrs intersoeting 
in O', right and left of B' B. Join B ( C C', (V B' (Fig. 356) ; 
then BIVC'C is the pattern of the face BB'C'G in plan 
(Fig. 35a). The otlier faces C 1) C' 1)', B C B' O', &c. (Fig. 356) 
of the frustum are descrihed in exactly similar manner, G A 
being the distance l)etween diagonally o])posite points of any 
face as well as of the face B B' 0' C. The triangles A B' G, 
BB'Il, can bo drawn apart from the plan, as shown at 
K and L. 

(38.) It should bo observed that if the patterr^ is trul/ 
drawn, the top and bottom lines of each face will be parallel, 
as B 0, B' O', of face B C IV 0' (Fig. 35 6) ; and that this gives 
an easy mctlujd of testing whether the pattern has been 
accurately drawn. 

Case II. — For very large work; whore it is inconvenient to 
draw the w^hole of the plan. 

Draw AB (Fig, 36a) equal in length to the end-line of 
one of the faces of the frustHin at its larg(T end, and produce 
it both ways. With B as centre and radius B A describe a 
semicircle, which divide into as many equal paits as the 
frustum has faces (Problem IX.). Here it is hexagonal, and 
the points of division working from point 1, are 2, C, 4, &o. 
Thrc^igh the second division point, here C, draw a line to B, 
then A B C is the angle made in plan by two hices of the 
frustum one with another, and A B, B C are two adjactmt 
end-lines of the plan of its larger ends. Bisect the angle 
ABC (Problem VIII.) by B E ; and draw a lino C C' from 0 
making the angle C' C B equal to the angle C B E 
(Problem 1*). On BC set off BD equal to the end-line of 
one of the faces of the frustum at its smaller end ; and draw 
D C' parallel to B E, cutting C C' in C'. Through C' draw 
C' B' parallel to C B and meeting B E in B' ; and draw B' A' 
patrallel to B A a^d equal to B D or C' B'. Join A' A, and we 
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have in A'ABCC' 11 lo plan of two arljacont faces of the 
taper i 11 g body or trnnc'atcd pyramid. Next from B’ let fall 
B' G perpendicular to A B, and maUo G F eijual to the given 
height of the frustum. Join F B', then F IV is tlio true 
length of B'G. Through B' draw B'll iicrpc^ndicular to 
B' B and equal to the given height. Join ITB, then II B is 
the true length of B B' one qf the edges of the frustum. 

To draw the pattern. Draw (Pig. 366) B B'e(pml to II B 
(Fig. Shrt). With B and IV as centres and ladii respectively 
BG and FIV (Fig. %a) descrihe arcs intersecting in G 
(Fig. 366). Join IKJ and produce it making B A eijual to 




B A (Fig. 36rt). Through B' draw B' A' parallel to BA and 
equal to B' A' (Fig. 36a), and join A A'; tluai B A A' B' will 
he the pattern of one face of the frustum. The adjacc^it face 
BCC'IV is drawn in similar manner. The fig. shows the 
pattern for two faces only of the equal- tapering body, 
because in cases where this method would have to be 
em})loyed, two faces are probably the utmost thai}; could be 
cut out in one jiieco. SonuaiiiK'-s each face woi^ld have to be 
cut out separately, or perhaps even one face would have .to 
bo in portions. Any point in IV A' (Fig. B6a) instead of B' can 
be chosen from which to let fall a perpendicular to B A, and 
the tnie length of B' G found as cxidained. The choice of 
position depends upon the means at han(| for drawing large 
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arcs, tlio racliuft of tlio arc B' G{Fig. P»n6) increasing in length 
as the ])oint G ai)proa.ches nearer to A. If the pattern be 
truly drawn, B A will he ])GrpciiiUcular to B' G. 

It must not 1)0 forgotten tliat tlioHo lueihods lU’e, both of 
them, (piito indojujiidont of the number of tlie sides of the 
pyiamid. Also it should be noted that BE does not of 
necessity pass tbi-ongh a division point, nor of necu'ssity is 
C C' parallel to A B. Tliese are coincidences arising from the 
frustum being here h<‘xa.gonal. 


BBOBLE^r XXII. 

To draw the patlorn for an ohlmg or square equal -tapergaj hody 
with fop and base a7td haring Jfat sides and ends. 

(The bottom is here tahii as pari oj the body, and the whole 
pattern is in one pieee,) 

Note.— T his ])r()l)l<‘ni \\)ll be solved in the problem n('\l following. 
We {ulnpt tliis course because the article there treated of is so iinjiortaut 
an example of tlio obloiij; e<pud-tapei lug bodies in question, tl)»t iL is 
desirable to make that, the special problem, the primary one. and this, the 
general problem, sreoudary to it. Its solution will be found at Ih'' end of 
Case 1. 


PROBLEM XXIIL 

To draw the pattern for a hahing-pan. 

A bfkiiig-pan has not oidy to he wat(‘r-tight, hut also to 
stand heat ; hence when made in one piece the corners are 
seamless. 

Case I. — ’^horo the length and width of the bottom, the 
width of the top, and the slant arc given. 

Draw two1in(‘.8 XX, YY, intersecting at right angles in 
0 (Fig. 37) ; makt; 0 A' and 0 B' each equal to half the 
length of the bottom, and 0 C' and 0 D' each equal to half 
its width. Through C' and D' draw lines parallel to Y Y ; 
also through A' an^ B' draw lines parallel to X X and inter- 
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secting the lines drawn through C' and D' ; we get by this 
a rectangular figure, which is the shape of the bottom. Make 
A' A, B' B, C' C, and i)'D each equal to the given slant; 
through B and A draw E P and (1 II parallel to X X ; through 
C and D draw 8 T and B P parallel to Y Y ; and make B E, 
B F, A H, and A G each equal to half ihe given width of the 
top. Join Q P and with Q, which is one of the angular 
points of the bottom, as centre and radius QF describe an 
arc cutting PK in P. Join QP (the working can here be 
best folio W(‘d in Fig. 38), bise(;t the angle FQP by QM 
(Problem YIIL, Oha[). 11. ); and draw a line QL making 
with F Q an angle (ninal to the angle FQM. The readiest 
way of doing tiiis is by continuing the arc PFtoL, then 
setting off F Jj equal to F M, and joinim; L Q. Now on B B' 
set off B N eijual to the thickness of the wire to be used for 
wiring, and thro igh N draw N F' parallel to EF (Pig. 37) 
and cutting Q L and () F in Y and F' ; make Q P' (‘.(jual to 
QF', and QM' equal to QV; and join P'M' and M'F'. 
Kepcat this construction for tln^ other thnse corners and the 
pattern will be completed. This is not done in Fig. 37, for a 
reason that will appear pre.^ently. We shall quite under- 
stand the corners if we follo\f tlie letters of the Q corner in 
Fig. 38. Those are BF F'M'P' P. Tlie dotted lines drawn 
outside the pattern (Fig. 37) parallel to E F, P K, G H, and 
S T show the allowance for fold for wiring. It is im})ortant 
that tlie ends of this allowance for fold shall he drawn, as, 
for iu^anco, P K (both figs.), 2 )eri)endicnlar to their respec- 
tive edges. 

Now as to bending up to form the pan. Wlieii the end 
adjacent and the side adjacent to the corner Qconio to be bent 
uj) on B' (^und D' Q so as to bring F Q and P Q into junction, 
it is evident Jhat as F Q and P Q are ociual we shall obhiin 
a true corner. To bring FQ and PQ into junction it is 
likewise manifest that tlie pattern will have also to bo bent 
on the lines F' Q, P^Q. an<l M'Q. This fold on each other 
of P'QM' and b 'QM' is generally still further bent round 
against Q V. 
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(30.) Tlio truth <»f tlio pan when completed, and the ease 
with which its wiring etin ho carried ont, deptmd entirely on 
the accuracy of the pattern at th<^ corners. This must never 
he forgotten. In iiuirldng out a pat1(‘rn, only one (lornor 
need he drawn, as tln^ lik(5 to it can bo cut out separately 
and used to mark the roniaiuing corners hy. Tlio points 
R, S, and T, the fixing ot which will aid in this marking out, 
can he readily found, thus : — For the It corner to come up 
true it'is clear tliat D K will have to he equal to D P, from 
which we learn that DP is half the length of the top. 
Having then determined the point P we have simply to set 
off 1) 11, C S, and 0 'i each equal to DP. 

If th^ .pattern Fig. 37 wore coinjdeted with ihe comers as 
at R, S, and T, that would he the solution of Prohlem XXIL, 
and the (uids and shies hoing bent np, we shonld get an 
oblong oqua 1-tapering body with top and bottom ])aralleland 
having llat sides and ends. 

Cask II. — Where the length and width of the liottom, the 
h'Tjgth of the top, and the slant are given. 

The only differmicc between this case and the preceding 
is that D P (Fig. 37), half tht length of the top, is known 
instead of R F the half- width of top. To find the half-width 
of top ; with Q as centre and Q P as radius describe an arc 
cutting B F in F. Then B F will he half the width of the 
top, just as (§ 3{>, previous case) wo saw that D P was half the 
length of the top. The remainder of the constmctioi^is now 
as in Case I, 

(40.) It will he evident that, in this prohlem, choice of 
dimensions is not altogether arbitrary. The lines Q F and 
Q P the meeting of which forms the corner, must s^J.ways be of 
the same length. 'Ihis limits the choice; for with the 
dimensions of bottom given, and the slant, anrf'the width of 
the top, the length of the toj) cannot 1 m!i fixed at jdcasuro, 
but must be suoh as will bring Q F and QP into junction ; 
and vke versa if the length of the top is given. It is un- 
necessary to follow the limit with other data. 
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Case III. — Where the length arul width of the tup, and the 
slant and the height arc given. 

The data in this ease and thi‘ next are the nsnal data when 
a pan has to ho made to order. The diftereiux*. hetavecin this 
case and the ])receding is that the size* of the ])ott()iii is not 
given, hut lias to he deterinined from tin; data. Exco])ting 
as to finding the dimensions of this, tlnj case is tlie sam(5 as 
Case s I. and 1 1. All that we have now to do is therefore to 
find the dimensions ofiln' hottom, thus : — 

Fig. Fig. 40. 


D 



Draw 0 C (Fig. 89) equal to lialf the given length of the 
top, and througli C draw 0 11 i)orpendiciilar to 0 C and equal 
to the given height. With 1> as centre and radius equal to 
the given slant descrihoan arc cutting 0 C in B'. Then Q B' 
is tbo ro(pnred half-length of ^.ho hettom. 

Next diaw 0 K ('Fig. 40) equal to half the given widtli of 
the top, and through E draw E D perpendicular to 0 E and 
equal to tlio given height. With D as centre and radius 
equal to the given slant describe an arc cutting 0 E in I)'. 
Then (J D' is the required half-width of the huttoin. 

Case IV. — Where the length and wddth of the top and the 
length and inclination of the slant are given. 

This is a modification of Case IIL 

Bet BB'*(Eig. 39) he the length of the given slant, and 
the angle thaf^BIV make with B' C lie the inclination of the 
slant. Through B draw B C perpendicular to B' C. Then 
half the given length of the toj) less B' G will he the required 
half-length of the bottom ; and similarly half the given 
width of the top less B' C will he the retj[uirod half- width of 
the bottom. 
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PROBLEM XXIV. 

To draw the pattern for an equal-tapering body with top and base 
parallel, and having flat sides and ends (same as Problem 
XXIL), but with bottom, sides, and ends in separate pieces ; 
the length and width of the bottom, the width of the ior, and 
the slant being given. 

To draw the pattern for tlio end. 

Draw BB' (Pig. 41) equal to the, given slant, and through 
B and B' draw lines C D and O' D' perpondicnilar to B B'. 
Mate BO and B D each equal to half the given width of the 
top ; also make B' 0' and B' D' each equal to half the given 
width of the bottom. Join 0 0' and D D' ; then 0' 0 D D* 
will bo the end pattern re(iuired. 

Fig. 41. Fra. 42. 



To draw the pattcra for the side. 

Draw E E' (Fig. 42) equal to the given slant, and through 
E and E' draw F G and F' G' perpendicular to E E'. Make 
E' F' and E' G' each equal to half the given length of the 
bottom, and with F' and G' as centres an'l radius D'D 
(Fig. 41) describe arcs cutting F G in points F and G. Join 
P' F and G' G ; then F' F G G' will be the side pattern 
required. 

It should be noted that, as in the iirocoding problem, the 
width of the top determines the length of the top and vice 
vmd, also that lines such as D D', G G' must be equal 
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(41.) If the ends of tho body are seamed (‘ knocked up’) 
on to the sides, as is usual, twice the allowance for lap showiv 
in Fig. 41, must be added to the figure C C' D' D. Similarly 
if the sides are seamed on totin' ends, a like doulde allowance 
for lap must be added to FF'O'G, instead f)f to the end 
pattern. 
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CHAPTER VIT. 

Patterns for l^jQUAii-TAPEuiNa Aiitioles of Flat and 
Curved Surfaces combined. 

((^LA&s I. Svlxlmsion c.) 

From wliat lias bccu stated about the plans of oipial- 
taperiix^' bodies, and from<i, p. 55, it will bo evident tliat the 
curved surfaces of the articles now to be dealt with, are 
portions of frusta of cones. 


PROBLEM XXV. 

To draw the pattern for an equahtapermj hodji with top and 
bottom parallel, and having Jlaf aides and equal semicircular 
ends {an ‘ equal-end * pan^ for instance), the dimensions of 
the top and bottom of the Inuh/ and its height being given. 

Four cases will be treated of; throe in this problem and 
one in the problem following. 

Case I. — Patterns when the body is to be made up jf four 
jiieccs. 

We may suppose the ai-ticle to be a pan. Having drawn 
(Fig. 43) the plan ARCSA'D'C'B' by the method of 
Problem XVI. (as well as the plan, the lines of its ctnstruction 
are shown in the fig.), let us suppose the se^ms arc to be 
at A, B, C, and D, where indeed they are usually placed. 
Then we shall retpiire one patfern for the flat sides and 
another for the curved ends. 

To draw the pattern for the sides. 

Any wnere in A }) (Fig. 43) and perpiiudicular to it draw 
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FF, and iriake FTI equal to the given height; join F'H; 
then F'H ib tlie length of tlic slant of the article, and^ 
therefore the width of the pattern for the sides. 

Fw. 43. 



Draw A A' (Fig. 44) equal to F'JI (Fig. 43). Throngh 
A and A' draw liiK's }H‘rpendienlar to A A'. Make AD 
(Fig. 44) equal to A D (Fig. 43), and draw I) D' parallel to 

Fig. 44. 



Ride Pattern. 


A A'. The rectangle ADD/ A' will be the side pattern 
required. The fg. also shows extras for lap. 

To draw the pattern for the ends. 

Draw (Big. 45a) two lines D A, 0 A, perpendicular to one 
another and ipoeting in A ; make D A equal to 0 D (Fig. 43), 
the larger of the radii of the semicircular ends ; and on A 0 
set off A Gr ei^ual to the given height. Draw C D' perpen- 
dicular to A G and equal to 0 D' (Fig. 43), the smaller of the 
radii of the semicircular ends ; join D D' and produce it, 
meeting A 0 in 0., Then with any point 0' (Fig. 456), aa 
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centre, and 0 D (Fig. 45a'' as radius, describe an arc D 0, and 
,with the same centre and radius OlV (Fig. 45a) describe an 
arc B' O'. Draw any line D O', cutting the ai cs in points 
D and D'. Divide D U (Fig. 4B) into any number of ecpal 
parts, say three. From D (Fig. 455) mark off these three 



dimensions to E, make E.C eqdal to D R, and join C 0' ; then 
D C C D' will be the end pattern required. 

If K be joined to O', then D D' R' K will be half the pattern. 
The centre line R IV is veiy useful, because, in making up 
the article, the point R' must meet the line S R (axis) of 
Fig. 43, otherwise the body will be twisted in consequence 
of the bottom not being true with the ends. 

Case II. — Pattern when the body is to be made up of two 
pieces. 

Secondly, suppose the article can l)e made in two pieces 
(halves), with the seams at E and G (Fig. 43) ; the line E G 
(part only of it shown), being the bisecting line of the plan. 
It will be seen by inspection of the fig. that we require one 
pattern onl > , namely, a patteni that takes in one entire end 
of the article with two half-sides attachedi 
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Draw the end jiattern DD'C'C (FiV. 46) in precisely the 
same manner that it is drawn in Fig. 456. Through (5 and 
draw indefinite lines C G C ' G' , perpendicular to C O', and 
through 1) and D' draw indefiriito lines DE, D'E' perpen- 
dicular to D D'. Make D E, D' E' each equal to D E (Fig. 43) 

Fig. 40. 



and join E E' , also make ^ G, 0' G', each equal to 0 G 
(Fig. 43), and join G G'. Then E E' G' G will be the pattern 
required. 

Case III. — Pattern when the l)ody can be made of one 
piece. 

Thirdly, suppose the article can be made in one piece, with 
the seam at S (Fig. 4:i). Then evidently the pattern will be 
made up of the pattern of one entire end, side patterns 
attached ib this, and half an end pattern attached to each 
side pattern.# 

Draw DD'O'C (Fig. 47) the end pattern. Through 
C and C' draw lines }.erpendieular to CC', and each oqtial to 
C B (Fig. 43) ; and join B B'. Produce B B', and with B as 
centre and 0 D (Fig. 45fl), the larger of the radii for the end 
pattern, as radius, describe an arc cutting the produced line 
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in 0. With 0 us oenire and OB and OB' as radii respec- 
tively, draw arcs B 8, B' S'. Make B S equal to D li (Big. 47) 


. -vi 



and join S 0. Kepeating this construction for D D' A' A the 
other side pattern, and AA'S'S the remaining half-end 
pattern, will complete the pattern required. 
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PROBLEM XXYI. 

To without long radii, the poiiern for art cqual-taporing 
body with top and hoitow jmralleh and tuwmj Jlat sides and 
equal scniicireuhir ends; the dimensions of the top and 
hottoni of the body and its height heing given. 

TJiis prtjhlcin is a Ibiij-th case of the prccoiliiig, and 
ox(;ccdiiij;ly useful where the work is so lar<;-e tliat it is 
inconvenient to draw the whole of the jdun, and to use long 
radii. 

Draw lialf the plan (Eig. 48a). Divide D C into six or 
more equal parts, and join 1, 2, &c., to 0, by lines ^ :?tting 
D' C' in r, 2', &c., and join D T. Draw D E peiqiendicnlar to 

Fia. 48«. Fig. 4S6. 



D r and equal to the given height, and join E V. (The line 
1 to r apjiears to, but does not, coincide with E 1'.) Then 
E 1' may be t^ken as the true length of D 1'. Next, producing 
as necessary, make D A c(pial to the given heitdit. Joining 
D' to A gives the true length of D D'. 

To draw tlie’end pattern. Draw Eig. (iSh) DD' equal to 
D'A (Eig. 48a). With D and IV as c(Uitres, and radii 
respectively D 1 and E i' (Eig. 48a) describe arcs inteisecting 
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in point 1 (Fi^. 486). With D' and D as centres and radii 
respectively D' T and E 1' (Fig. 48a) describe arcs inter- 
secting in point' 1' (Fig. 486). By using points 1 and F 
(Fig. 486) as centres, instead of 1) and D', and repeating the 
construction, the f)oints 2 and 2' can be found. Ne.xt, using 
points 2 and 2' as centres and repeating the construction, 
find points 3 and 3', and s^ on f-r the roinaining points 
necessary to complete the end pattern, which is completed 
by joining the various points, as 3 to 3' by a straight line ; 
D, 1, 2, and 3, by a line of regular curve ; and D', 1', 2' and 
3', also by a lino of regular curve. Only half the end 
pattern is shown in Fig. 486. Tjuo side pattern can be 
drawn.,^s shown in Fig. 44. 


PROBLEM XXVIL 

To draw the patkrn for an equal-tapering hodg with top and 
bottom parallch and having flat sidee and ends^ and round 
corners (an oblong pan with round corners^ for instance ) ; 

Jhe height and the dimensions of the top and bottom being 
given. 

Again four cases will be treated of ; three in this problem, 
and one in the problem following. 

Case I. — Pattern when the body is to be made up of four 
pieces. * 

The plan of the article, with lines of constniction, drawn 
by the method of Problem XVII., is shown in Fig, 49. We 
will suppose the seams are to be at P, S, Q, and R,that is, at 
the middle of the sides and ends. The pattern requiied is 
therefore one containing a round corner, with a half-end and 
a half-side pattern attached to it. I’ho best course to take 
is to draw the pattern for the round comer first, which, as 
will be seen from the plan, is a quarter of a frustum of a 
cone. 
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Draw two lines (Fi^^ 50«) OA, CA, meeting perpndi- 
<!nlarly to one another in A ; make A C o(iual to 0 A (Fig. 4*J) ^ 
the radius of the larger arc of the plan of one of the corners. 


Fig. 49. 



and make A I) equal to the given height of the h(»dy. Pmw 
DE perpendicular to AD and equal to the radius of the 
smaller are of the plan of a (x jner, and join C E and produce 

Fia. 50a. Fig. 506. 



it to meet A 0 in 0. With any point O' (Fig. 506) as centre 
and radius ecpial to 0 C (Fig. 60«), describe an arc AB, and 
with the same centre and radius equal to 0 E (Fig. 50a) 
desmbe an arc A' B'. Draw any line A 0' cutting the arcs 
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in the points A and A', and malco A !» ('fpial to A B (Fig. 49) 
by marking off the same number of equal parts along A B 
(Fig, 506) that we divide (arbitrarily) AB (Fig. 49) into. 
Join B 0|, onttiijg in B' the arc A' B'. Through B and B' 
draw B B' P' iKTpemlicular to B IV, make 11 equal to BP 
(Fig. 4!)) and draw PP' perpendicular to B ]\ Through 
A and A' draw A It and A' IP perjiendicular to A A', make 
Alt equal to Alt (Fig. 49) and draw ItE' perpendicular to 
A It. Then It It' P’ P will be the pattern of one round corner, 
with a half-end and a half-side pattern attached left and 
right. 

CasjsJL— P attern when the body is to be made up of two 
pieces. 

JS'ow suppose the seams arc to be at the middle of each 
end, at It and S (Fig. 40). The patt<;rn re((uired will then 
be of twice the amount showii in Fig. 506. It will bo found 
best to commence with the side pattern. 

Draw in the plan ( Fig. 49), any line X X perpondiculfir to 
the () side-line; then X and X' will bo plans of corre- 
sponding points (§ 26). Make XF equal to the given 
« 

Fia. 51. 



height of the body and join X' F. Tlicn X' F is the length 
of a slant of the l)ody. Draw B B’ (Fig. 51) equal to X' F 
(Fig. 49), and through B and IV draw BC and B'C' perpen- 
dicular to B B'. Make B C equal to B 0 (Fig. 49) and draw 
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C C' perpendicular to B C ; then B C C' B' will be the pattern 
for the side. 

Wo havti now to join on to tliis, at B B' and 0 O', the 
patterns for the round corners, whieli can ho done thus. 
Brodneo B B' and CO', and make B O' and (H)" each equal to 
OC (Fig. hOa) tile radius of the larger arc of tlie corner 
pattern. With O' and 0" as centres and O'B as radius, 
describe arcs BA and CD, and with the same centres and 
O'B' as radius, describe arcs B' A' and C'D'. Make BA and 
C D C(jual each to B A in the plan (Fig 49), and join A 0, 
cutting the are B' A' in A', and DO" cutting the arc C' D' in 
D'. Through A and A' draw A K and A' li' perpendicular to 
A A' ; make AR ecpial to AR (Fig. dO), and draw Rdi^i^r- 
pendi(nilar to A R. Next through D and D' draw D S and 
D' S' perpendicular to D D' ; make D S equal to D S (Fig. 49), 
and draw S S' perpendicular to D S. Then R R' S' S will bo 
the patteni re<iuired. 

It should be noted that O'B' and 0"C' should lie each 
equal to 0 E (Fig. 50rt), or the pattern will not be true. 
This gives a means of testing its accuracy. 

Case III. — Pattern when th# body is to be made up of one 
piece. 

When tlie body is made in one pit'ce it is usual to have the 
seam at S (Fig. 49). It is now best to commence with the 
end pattern. 

Dra'vv A A' (Fig. 52) equal to X' F (Fig. 49), which, the 
body being cqual-taptiring, is the length of its slant any- 
where, aTid draw A II and A' II' perpendicular to A A'. 
Make A H equal to A H (Fig. 49) and draw H IP perpendi- 
cular to A fl ; then A A'H' 11 will ho the end pattern. Next 
produce A A',faiid make A O' equal to C 0 (Fig. 5()a). Then 
0' will ho the centre for the arcs of the corner pattern, which, 
drawn by Case II. of this problem, can now bo attached at A A'. 
Through B and B' draw B 0 and B' C' perpendicular to B B' ; 
make B C equal to B C (Fig. 49), aud draw C C' perpendicular 
to BC. That completes the addition of the side pattern 
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B B' C' C to the corner pattern. Next produce C O', mark the 
necessary oeiitro, and attach to CC' the comer pattern 
ODD' O', just as ABB'.O w^as attached to A A'. Then 
through 1) and D' draw D S and D'S' perpendicular \,cj D D' ; 
make i) S ecpnil to D 8 (Fig. 40) and draw 88' perpendicular 


Fio. 52. 



to D 8 ; this adds half an end-pattern to D D'. By a repeti- 
tion of the foregoing working on the H H' side of the end- 
pattern H H' A' A, the portion H H' S' 8 on the H H' side may 
be drawn, and the one-piece pattern 8 H A 8 S' A' H' 8' of the 
body wo are treating of comjdotod. 

PROBLEM XXVIII. 

To draWf without long radii, the jnittem for an eijuaJr 
tapering body with top and bottom parallel, tnd having flat 
aides a7id ends, and round corners ; the height and the dimen- 
sions of the tup and bottom being given. 

This is a fourth case of the preceding problem, and we,, 
will apply it to the first case of that problem, that is, when 
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the body is to be made up of four pieces ; now, however, 
assuming that the pieces are so large that their patterns 
cannot be conveniently drawn by the method there given. 

Draw (Fig. 53^/) V S S' F, ono-(piarter of the plan of the 
body. Divide 0 D the larger are of the plan of the round 
comer, into throe or more equal parts, and join each division- 
point to 0 the centre of the arcs of the plan. Draw D F 
perpendicular to DD' and equal to Ihe given height of the 
body, and j in D'F; then D' F will be the true Icifgth of 
DD'. Next join D2'; draw DE perpendicular to it and 

Fig. 53a. Fig. 536. 




equal to the given height, ami join 2' E ; then 2' E may be 
taken as the true length of D2'. (In the fig. a portion of 
the lino 2'E coincides with the lino fr(>m 2 to 2'. This is, 
however, merel y a coincidence of the particular case.) 

Now draw (Fig. 536} D D' equal to D' F (Fig. 53«), and 
with D and D' as centres and radii rirspectively D 2 and 2' E 
(Fig. 53a} describe arcs intersecting in point 2. Also with 
D' and D as centres and radii respectively D'2' and 2'E 
des ribe arcs intersecting in point 2'. Kopoating this con- 
struction, ljut using points 2 and 2' just found as centres 
instead of D apd D', the points 1 and T can be found. Simi- 
larly using points 1 and 1' as centres and repeating the 
construction we can find the points C and O'. Join 0 C ; 
draw a regular curve from 0 through 2 and 1 to D, and 
another regular curve from D' through 2' and 1' to C; then 
in DCC'D' we have the pattern of the corner. To this 
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corner pattern, to get at the jiaitern we require, we have to 
attach a half-ond and a lialf-«ide patteni. 

Draw 1) S perpendicular to D D' and equal to D S (Fig. 58a). 
Also draw S S' perpondionlar to DS, and throngli D' draw 
D' S' parallel to D S. The hall-end pattern is now attaeliod. 

Through C and C' draw(/P and (yp' perpendicular to 
OC'. Make (IP equal to (Fig. 53a). and draw PP' 
perpendicular to (- P. This .attaches the half-side pattern, 
and cohiidetes the pattern required. 

If the body is to be made in more th.aii four pi(icos it will 
still be generally possible to have .a conijileto corner in one 
of the pieces. The corner should always bo marked out 
fihiVnJid whatever has to be attached should be added as 
described. 


PliOPLEM XXIX. 

To draio the paftern for an ovahniml-tapering hodj/ with top afid 
hotiom parallel, the height and the dimensiom of the tap and 
hottom being given. 

Again wo deal with four cases ; three in this })robleni and 
one in the following. * 

Case T. — Patterns when tln^ body is to bo madi* up of four 
pieces. 

The plan of the body with lines of construction, drawn by 
Problem X VIII., is shown in Fig. 54. It will he evideiit from 
the plan and from d, p. 55, that the body is made up of 
two round e(pial-taporing bodies (fnista of cones) ; the ends 
C D D' C', F E E' F', being ecpial portions of a frustum of one 
cone, and the sides, ECC'E', DFF'l)', equal portions of a 
frustum of another cone. Such being the caiio, it is clear 
that we require two patterns, one for the two ends, and the 
other frir the two sides; also that the- scaius should he at 
E, C, D, and F, where the portions meet. 

To draw (Fig. 555) the ends’ pattern. 

Prom any point A draw two lines OA, BA (Fig. 55a) 
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Fig. 04. 
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perpendiculai- to each other ; make A B equal to Q B (Fig. 54) 
the radius of the larger end-curve in the plan, and A D equal* 
to the height of the body. From J) draw J) E peiqiendicular to 
A Oand equal to Q B' fFig. 54) the radius of the smaller end- 
curve of the plan ; join B E and produce it, meeting A 0 in 0. 
Then with aoy point O' (Fig. 556) as centre, and 0 B (Fig. 55a) 
as radius, describe an arc 0 1) ; and with same centre and 0 E 
(Fig. 55a) as radius describe an arc C’lX Join any point 
C in the arc C B to O' by a line cutting the arc 0' 1)' in C' ; 
divide the arc C D (Fig. 54) into any number of equal parts, 
and set oif from C (Fig. 556) along 0 1) parts equal to and as 
many as 0 D (Fig, 54) is divided into. Join D 0' cutting the 
arc C' D' in D' ; then D D' C' will be the pattern required. 

To draw the pattern for the sides. 

From any point A draw two lines A C, A 0 perpendicular 
to each other, and make AC equal to PC (Fig, 54), the 
radius of the larger side-curve and AB equal to the given 
height of the body. Prom B draw B E perpendicular to 
A B and equal to P C\ (Fig, 54) the radius of the smaller 
side-curve. Join CE and produce it, meeting AO in 0. 
With any point 0' (Fig. 566) as centre and 0 C (Fig. 56a) 
as radius describe an arc C ^ ; and with same centre and 
0 E (Fig. 56a) as radius describe an arc C' E'. Now join 
C O', and, procjeeding exactly similarly as in drawing the 
ends’ pattern, complete E E' C' C the pattern for the sides. 

Case II. — Patterns when the body is to be made up of two 
pieces. 

In this case the seams are usually put at the ends A and B 
(Fig. 54). It is evident that one pattern only is now required, 
and that this is made up of a side pattern, with, right and 
left attached tt it, a half-end pattern. 

Draw (Fig. 57) a side pattern E C C' E' in the way 
described in Case I. Then with C as centre and the radius 
of the ends’ pattern, that is B 0 (Fig. 56a) as radius, set off 
the distance C 0. With 0 as centre and radii OC and OC' 
describe arcs C B and C' B'. Make C B equal to C B (Fig. 54) 
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and join B 0, cutting O' B' in B*. Then C B B' C' a half-end 
'pattern attached to C O'. The half-end pattern E A A'E' is 
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added at E E' by repeating the conetmetion just described. 
This completes A B B' A' the pattern required.* 

Case III. — Pattern when the body is to be made up of one 
piece. 

We will put the seam at A (Fig. 54), the middle of one 
end. Draw C I) D' O' (Fig. 58), an end pattern in the way 
descrltHjd in Case I, Produce C C' and make 0 0 equal to 
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0 0 56rt), the radius foi a side pattern. AVith 0 as 

centre and radii 0 G and 0 C' describe arcs 0 E, C' E', Make, 



0 E equal to C E (Fig. 54) and join E 0 cutting C'E in E'. 
Make E 0' equal to B 0 (Fig. 55a) and with 0' E as radius 
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describe an arc E A. With same centre and O'E' as radius 
describe an arc E' A'. Make E A equal to E A (Fig. 64) and 
join A O', cutting E' A' in A'. The remainder D A A' D' of 
the pattern can bo drawn by re])cating the foregoing con- 
struction. The figure A C D A A' D' C' A' will bo the pattern 
required. 

PEORl'.EM XXX. 

To draWi without long radii, the paltern for an oval equal- 
tapering body with top and bottom parallel, the height and 
the dimensions of the top and bottom being given. 

This is a problem which will be found very useful for 
, large work, especially with the pattern for the sides, the 
radius for which is often of most inconvenient length. 



To draw the ends’ pattern. 

Draw (Fig. 61ia) the plan C D D’ C' of the end of the body. 
Divide C D into four or more equal parts, and join, 1, 2, 
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to,Q, by lineB cutting C'D' in 1', 2\ &c. From C draw CD 
perpendicular to 0 C' and eciual to the given height. Join 
C'D, then C' D ifl the true length of C O'. Join C 1'; draw* 
r E perpendicular to it and equal to the given height ; and 
join C E. Then C E may ho taken as the true length of C F. 
Draw C C' (Fig. r)%) equal to C' D (Fig. 59a). With C and 
C' as centres and radii rcspcc ivcly equal to C 1 and CE 
(Fig. 59a) describe arcs intersecting in point 1. With O' and 
C as centres and radii respectively ecpial to C' 1' ahd C E 
(Fig. 59a) describe arcs intersecting in point 1'. By using 
points 1 and 1' as centres and repeating the construction, 
points 2 and 2' can bo f »und. Similarly find points 3 and 3', 
and D and I)'. Join 1) 1)', draw a regular curve from 0 
through 1, 2, and 3, to I), and another regular cuive from C' 
through 1', 2', and 3', to D'. The figure C O' D' D is the 
pattern required. 

Fig. 60a. 



To draw the sides’ pattern. 

Draw (Fig. 60a) the plan E 0 0' E' of the side of the hotly. 
Divide EC into four or more equal parts, and join 1, 2, <fec., 
to P, by lines cutting E' 0' in 1', 2', &c. From E draw E F 
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perpendicular to EE' and equal to t lie given height. Join 
E' E ; then E' E is the true length of E E'. Next join E E ; 
draw I'D perpendicular to El' and equal to the given 
height, and join E D ; then E D may he taken as the true 
length of E 1'. Now draw (Eig. G0&) E E' equal to E' E 
(Eig. 60a), and with E and E' as centres and radii respec- 
tively equal to El and DE (Eig. COa) describe arcs inter- 
secting in point 1. AVith E' and E as centres and radii 
respectively equal to E' 1' and DE (Eig. G0«) dcs(;ribe arcs 
intersecting in point 1'. Ttopeating the construction with 
points 1 and 1' as centres, the ])oints 2 and ’2' (;an be found ; 
and similarly the points 3 and 3' and tlie })ointe C and O'. 
Join 0 C' ; draw a regular curve from E through 1, 2, and 3, 
to 0, and another from E' thiough 1', 2', and 3' to O'. The 
figure E E' C' C will he the jiattein required 
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Book II. 

CHAPTEB I. 

pATTEltNS FOR IfOUND ARTICLES OP UNEQUAL TaPER OR 
Inclination op Slant. 

(Class II. Suhdwmon a.) 

(42.) We stated at the coiuineiicoinent of the preceding 
divisioii of onr subject tliat it was advisable, in order that 
the rules fur the setting out of patterns for articles having 
equal slant or taper should be better understood and remem- 
bered, to consider the principles on which the rules were 
based ; and the remark is e([ually true and of greater im- 
portance in respect of the rules for the setting out of patterns 
for articles having unequal slant or taper. We have shown 
lhat the basis of the rules for|ho setting out of patterns for 
equal tapering bodies is the right cone ; we purpose showing 
that the basis of the rules for the setting out of patterns for 
articles of unequal slant or taper is what is called the oblique 
cone. The consideration of the cone apart from its species, 
that is, apart from whether it is right or oblique, which 
becomes now necessary, immediately follows. 

Definition, 

(43.) Gone . — ^A cone is a solid of which one extremity, the 
base, is a circle; and the other extremity is a point, the apex. 
The line joining the apex and the centre of the base is the 
axis of the cone. 

(44.) Given a circle and a point in the line passing through 
the centre of the circle at right angles to its plane. If an 
indefinite straight lin(‘, passing always through the given 
I)oint, move through the circumference of the given circle, 
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there will he thereby generated between tlie point and the 
sirrlo, a solid ; this solid is the fight cone. 

(45.) If, all other conditions remaining the same, the given 
point is out of the lino passing through the centre of the 
circle at right angles to its piano, the solid then generated 
will be the oblique cone. 

(46.) Figs. 1 and 2 represent oblique cones. The lines 



V A, VC, VF, and V G (either fig.) drawn from the apex 
V to the circumference of the base of the cone, are portions of 
the generating line at successive stages of its revolution. It 
is but a step from this and will be a convenience, to regard 
these lines, first, as each of them part of an independent 
generating line, and then as each of them a complete 
generating line. Shaded representations of various oblique 
cones will l)o found later on. 

(47.) Comparing now the right and oblique^ cones. A 
right cone may be said to be made up of an ipfinito number 
of equal generating lines, and an oblique cone of an infinite 
number of unequal generating lim s. 

(48.) ‘If a right cone is placed on a horizontal plane, the 
apex is vertically over the centre of the base. 

(49.) If when a cone is placed on a horizontal plane the 
apex is not vertically over ihe centre of the base, the cone is 
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oblique. Hence all cones not ri^ht cones are oblicjiie cones. 
Hence also a (jone is oblique if its axis is not at right angles , 
to every diameter of its base. 

(60.) In the right cimc, any plane containing the axis is 
perpondiciilar to the base of the cone, and contains two 
generating lines (see Figs. 1 a and 2«, p. 25). 

(51.) In the oblique cone, oi?ly one plane containing the 
axis is perpendicular to the base of the cone, and this plane 
contains its longest and shortest genemting lines. In Fig. 

1 or 2 the lines V A and V G are respectively the longest and 
shortest generating lines, and the plane that contains these 
lines contains also V 0 the axis of the cone. 

(52.) The obliquity of a cone is measuicd by means of the 
angle that its axis nickes with that radius of the base that 
terminates in the extremity of the shortest generating line. 
Thus the angle V 0 G gives the obliquity of either cone V A G. 
The angle V 0 G also gives the inclination of the axis. 
As the angle V A G is in the same plane as Y 0 G and 
smaller than that angle, it will be seen that not only is Y A 
the longest generating line, but it is also the line of greatest 
inclin itiou on the cone. Similarly as the angle that Y G 
makes with AG produced is* greater than Y OG, the line 
Y G is not only the shortest generating line, but also the 
lino of least inclination on the cone. 

(53.) I’he plane that contains the longest and shortest 
generating lines bisects the cone; consequently the generating 
lines of either half are, pair for pair, equal to one another. 

(64.) If the elevation (see § 21, p. 48) of an oblique cone 
be drawn on a plane parallel to the bisecting plane, the 
elevations of the longest and shortest generating lines will 
be of the same lengtlis respectively as those lines. Thus if 
the triangle Y A G (either fig.) be regarded as the elevation 
ol the cone represented, then V A will bo the true length of 
the longest generating line of the cone, and Y G of the 
shortest. In speaking in the pages that follow, of elevation 
. with regard to the oblique cone, we shall always suppose it 
to be on a plane parallel to the bisecting plane. 

(55.) If the hypotenuse of a right-angled triangle represent 
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a generating line of any cone, right or oblique, then one of 
the sides containing the riglit angle is equal in length to the 
plan of that line, and the other side is equal to the hedght 
(distance between the extremities) of any elevation of it. 
See, p. 25, the triangles 0 B A, 0 G A, O E A, 0 1) C, (1 Iv C, 
OFC, and, ]>. lOO, the triangles V'A V, V'BV, Y'OV, &c. 
See also § 22a. 

(56,) As the goin'rating lines of tlie obliciue cone vary in 
length’ the setting out of patterns of articles whose basis is 
the oblique cone (that is to say, the dovelo])ment of the 
curve i surfaces of such articles) differs from that ai)per- 
taining to articles in which the right cone is involved. The 
principles, however, are the same in both cases. In develop- 
ments of the right cone, if a number of its generating lines 
are laid out in one ])lane, then as they are all equal and have 
a point (the apex) in common, the curve joining their 
extremities is an arc of a circle of radius equal to a generating 
line ; while in developments of the oblique cone, as the 
generating lines, though they still have a point in common, 
vary in length, the individual lengths of a number of them 
must be found, as well as the distances apart of their 
extremities, before, by being faid out in one plane at their 
proper distances apart, a curve can bo drawn through their 
extremities, and the required pattern ascertained. 

The problem which follows gives the working of this in 
full 


PROBLEM 1. 

To drain the pattern (develop the surface) of an oUique cone^ (hi 
inclination of the axis (§ 52), it^ length and fjie diameter 
of the hose of the cone being given, 

I^irst (Fig. 3) draw V' A G the elevation of the cone, and 
AdG half the plan of its base ; thus. Draw any line XX, 
and at any point 0 in it, make the angle V' 0 X equal to 
the given inclination of the axis (a line 0 V' is omitted in 
the fig. to avoid confusion), and make 0 V' equal to the 
given length of the axis. With 0 as centre and half the 



METAL-PLATE WOBK. 


109 


given (liametor of Iho haso as radius dcseribe a somicirole 
Add culting XX in A and G. Join AY', G V', then 
Y' A G is tlio elevation required, and A d G is the half-plan 
of base. Next divide AdG into any convenient i^uniber of 
parts, equal or unequal. The division here is into six, and 
the parts are equal; to make them so being an advantage. 
Now let fall Y' Y perpendicuhir *to XX; and join Y to the 
division ])oints f), c, d, c, / (to save multijdieity of lines this 
is only partially shown in the fig.). The lines Y A, Yh, 
V c, &c., will be the lengths in plan of seven lines from apex 



to base of cone, that is, of seven generating lines. Now 
with Y as centre and radii successively Y 6, V e, V d, Y c, and 
Y/, describe) arcs respectively cutting X X in B, 0. D, E, and 
F. Join Y' BfY' C, &c. ; then as Y' Y is the height of any 
elevation of either of the seven generating lines (see § 220, 
p. 48, and § 55, p. 107) and as V A, Y B, &c., are their 
plan lengths, we have in Y'A, V'B, Y'C, <fee., their true 
lengths. V' G is not only so however, it is (§ 54) the shortest 
of all the generating lines of the cone. 

To draw the pattern of the cone with the seam to corro- 
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spond with V' G tho shoi test generating line. Draw (Fig. 4) 
V' A equal to V' A (Fig. 3j, and with V' as centre and 
V'B, V' C, V'D, V'E, V'F, and V'G (Fig. 3) successively 
as radii describe arcs, respectively, h 6, cc,dd,ee, //, and g g. 
With A as centre and radius equal to Ah (Ah being the 
distance apart on tho round of the cone at its base of the 
generating lines V' A and' V'B') (Fig. 3) desciibo an arc 
cutting th(i arc h b right and left (d* V' A in B and B. With 


Fig. 4. 



these points B and B as centres and radius as' before (the 
distances apart of the extremities of the generating lines at 
the base of the cone being all equal), describe arcs cutting 
the arc c c right and left of V' A in C and C. With same 
radius and tho last-named . points as centres describe ares 
cutting dd right and left of V'A in D and D. With 
D and D as centres and same radius do8cril)e arcs cutting e e 
right and left of V' A in E and E, and with E and E as 
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centres and same ladinn describe arcs cutting ff right and 
left of V'A in F and F. Similarly with same raHhis and* 
F and F as centres find points G and G. Draw through A 
and the points B, C, D, E, F and G, right and left (jf V' A 
an unbroken curved line. Also join G V' right and left of 
A, then G A G V' will bo the pattern required. 

The dotted linos V' B, V' C, V^l), &c., are not necessary for 
the solution of the problem, and are only drawn to show the 
position of the seven generating lines on the dovelo])od surface. 

(57.) As the plane of the elevation V' A G- bisects the cono 
(§§ 53 and 54), it is clear that the seven generating lines 
found, correspond with seven other generating lines on 
the other half of the cone ; so that in finding them for 
one half of the cono, wo find them for the other, as the 
halves necessarily develop alike. 


(68.) Round articles of unequal slant or taper having 
their ends parallel are portions (frusta) of oblique cones. 
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part. A' A C G G' containing the base is a frustum of an 
oblique cone. A shaded representation of such frustum 
will be found in Fig. 15. This frustum, liowever, differs 
from that, of the right cone (§ 12, p. 33), in that, though 
having circular ends, its sides are not of equal, but of un- 
equal slant. Convorsely, a round unequally tapering ])ody, 
having its top and base parallel, is a frustum of an oblique 
cone. A tapering piece of pipe A A G G' (Fig. G) joining 
two cylindrical pieces which are not in line with each other 
is a frustum of an oblique cone. 

(60.) Referring to Fig. 5, it is evident that if the pattern 
for the larger cone, V A G, and the pattern for the smaller 
cone, V A' G', be drawn from a common centre V' (Fig. 9), 
the figure G'G AGG' (Fig. 9) will be the pattern for the 
portion A G G' A' (Pig. 5) of the cone V A G. The line 
CC' shows a generating line of the frustum (?>, p. 12C). 

Fig. 7h. 



(61.) A case that not unfreqiiently occurs needs mention 
here. Suppose the diameters of the top and base of a round 
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nneqnal-tapering body of parallel ends are very nearly equal, 
then it is evident that the apex of the obli(jue (!ono of which , 
the body is a portion will bo a long distance olf, and, if the 
diameters bo equal, then the body becomes what is called an 
oblique cylinder, (a cylinder is a round body wiLhout any 
taper at all). Of course this is an extreme case, but it is 
quite an admissible one. For, if the diameters of the ends of 
the body differ by only xijoiro inch, then, clearly, however 
short the body may be, wo are dealing with a frustum of an 
oblique con(‘, although so nearly a cylinder that, for almost 
any purpose occuiring in practice, it could bo treated as a 
cylinder. Later on the advantages of looking upon the 
oblique cylinder as a special case of frustum of an oblique 
cone, and conshh^ring its gem^rating linos as parallel, will be 
seen. Such a fmst.nm is represented in A A' G' G in Figs. 
7a and 76, the lino 0 (V being the axis of the frustum and 
C C' and F F' generating lines. A construction easily dealing 
with its devolojnnent will 1x5 given presr ntly. 


niOBLEM 11. 

To draw the pattern of a round unequal-tapering body with top 
and base parallel (frustum of an obliqueconcy as in Fig. 5), 
the diameters of top and hase^ the heighty and the inclination 
of the longest generating line being given. 

First (Fig. 8) draw the elevation and half the phm of the 
body, thus: Draw a line XX', and at any point A in 
it, make the angle X' A A' equal to the given inclination of 
the longest generating lino. At a distance from X X' equal 
to the giveu height, draw a line A'G' parallel to XX'. 
From the poic* A' where A' G' cuts A A', make A' G' equal 
to the diameter of the top, also make A G equal to the 
diameter of the base ; and join G G'. Then A A' G' G is the 
elevation of the body. Now on AG doBcril>o a semicircle 
AdG, this will be half the plan of the base. Produce A A', 
G G', to intersect in V' ; this point will bo the elevation of 
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the apex of the cone of which the body is a portion. Through 
V' draw V' V perpendicular to X X' ; divide the semicircle 
into any convenient number of equal parts, liere six, in the 


Pig. 8. 



points 5, c,<^, c,and /; withV as centre and ladii succossivoly 
Yh,\ d, &c., describe ans respectively cutting X X in 
B, C, D, <tc. ; and join B, C, D, &c., to V' by lines cutting A' G' 
in B', C', D\ E', and F'. Then B B', C C', I) D', &e., will be 
(see construction of last problem) the true lengths of various 
generating linos of the frustum (h, p. 12G). 

Now to draw the pattern (Fig. 9) so that the seam shall 
correspond with GG'(Fig. 8) the shortest generating line. 
Draw (Fig. 9) V' A ecpial to V'A (Fig. 8) and with V', 
(Fig. 9) as centre and radii successively equal to V' B, Y' 0, 
V' D, V' E, V' F, and V' G (Pig. 8), describe, respectively, arcs 
hh, ccydd.ee, //, and gg. With A as centre and radius 
equal A h (Fig. 8) (see preceding problem for the reason of 
this), describe arcs cutting the arc bh right and left of Y'A 
in B and B. With these peints, B and B as centres and 
radius as before, describe arcs cutting the arc c c right and 
left of V' A in 0 and C. With same radius and the last* 
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named points as centres, describe arcs cutting dd right 
and left of V' A in D and I). With D and D as centre's and. 
same radius, describe arcs cutting ee right and left ofV' A in 
E and E, and with E and E as centre's and same radius 
describe arcs cutting yyin and F. bimilaily, widi same 
radius and P and F as centres find points G and G. Join the 
points B, C, 1 ), E, &(i., right anel left of V' A to V'. ith 
V'as centre and W A' (Fig. 8) as radius describe an arc 

Fia. 9. 



cutting V' A in A'. With same centre and V' B' (Fig. 8) as 
radius describe an arc h' h' euittiug V B right and lejft of W A 
in B'. With same centre and Y'C' (Fig. 8) as radius 
describe an aw c' c’ cutting V' C right anel left of V' A in C’. 
Similarly, with the same centre an I V' V' E', V' F', and 
V' G' (Fig. 8) successively as radii describes, respectively, arcs 
d! d\ e'e', and cutting V'D, V'E, V'F, and V'G, 
riglit and left of V'A respectively in I)', E', F', and G'. 
Draw through A and the points B, C, D, E, F, and G, right 
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and left of V' A an unbroken curved line. Also draw through 
•A' and the points B', O', IV, E', F, and G', rigid and loft of 
V A an unbroken curved line. Then G A G G' A' G' will 
be the pattern required. 

Tlie small semicircle (Fig. 8) and perpendicular linos from 
its extremities are not needed in tliis problem, but are 
introduced in illustration of that next following. 

(62.) In the applications of the oblique cone, it is generally 
in the form next following that the pr(.)blom presents itself. 


PROBLEM III. 

To draw the pattern of a round unequal-tapering body with top 
and base parallel {frustum of oblique cme), its plan and the 
perpendicular dislance betwem the top and bane {the height of 
the body) being given. 

The working of this problem should bo carefully noted, 
for the reason just above stated. 

Let a g a' g' (Fig. 10) be the*given plan of the body. The 
side lines of the plan are not drawn, but only the circles of 
its top and base, as wo do not make use of the side lines. In 
fact, all that wo really make use of is, as will be presently 
seen, the halves of the plan circles of the top and base of the 
body, not, however, placed anyhow, but in their proper positions 
relatively to one another in plan. This is the all-ossential point. 
If the plan-circle g' (Fig. 10) of the top of the frustum 
wore further removed than represented from the plan-circle 
of its base, we should, by the end of our worlvng, get at 
the pattern of some other oblique-cone fruslumrthan that the 
pattern of which wo require. Through 0 O' the centres of 
the circles draw an indefinite line a V, and draw any line 
X X parallel to 0 0 . Through a and g draw a A and g Q 
perpendicular to X X, and through a' and f draw indefinite 
lines tt' A" and g' G" perpendicular to X X, and cutting it ip 
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points A', G'. Make A' A" and G' G" each equal to the given 
height or perpendicular distance that the top and base are* 
apart. Join A A" and G G", and produce these lines to inter- 
sect in V'. The problem can now bo completed by Problem II. 


Fig. 10. 



It should be noted that it is only necessary to draw half the 
plans of the top and base as shown by the semicircles A G 
and A' G' in Fig. 8. 

The case of largo work, where long radii would be incon- 
venient, we treat as a separate problem, and wo will suppose 
the dimerilsions given to bo those of Problem II. The 
method is aifho suitable where there is little difference 
between the diameters of top and base of the body. 
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PROBLEM IV. 

To draw without long radii the pnttf’m of a round mequai- 
tapvriiifj hody with top and hnsc paraVcl^ the diameters of the 
top and hose, the heuj'd^ and the incliuation of the longest 
generating line bring given. 

Draw any lino XX' 11) and at point A in it make 
tlio angle X'AA’' equal to the given iiieliindion of the 
longest generating lino. At a distance from X X' equal to 
the given height draw a lino A"F parallel to XX'. Make 
AE equal to the longer of the given diameters, and on it 
describe the semieircle A c E. From the point A" where 


Pig. 11, 



A" Fonts A A" let fall A" A' perpendicnlar to X X. Make 
A' E' equal to the shelter of the given diameters, and on it 
describe the semieircle A' c' E'. Next find c and c' the mid- 
points of the semicircular arcs. These n re easily found by 
drawing lines (not shown in the fig.) throi^gh 0 and O' (the 
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centres from which the somi circles are desrTibcfl) pcrpen- 
dicular to XX' and cutting the semicircular arcs in the* 
required points c and c'. Join cc' and produce it meeting 
X X' in V ; this point will be the plan of the a])ex of tin* cone 
of which our tapering body is a frustum. This point is by 
no means always within what may be termed workable reach, 
as for instunco where the two semicircles are nearly e(|ual 
the lines X X' and cc' therefore very nearly parallel, and the 
producing c c' to V impracticable. We will work under both 
suppositions. 

(03.) If V is accessible, then divide the larger sendcircle 
into any convenient number of parts (lour parts only ai*e 
taken in the figure in order to keep it clear), as A2>, 6c,,cd, 
dE. Join b and d to V (c is already thus joined, the lines 
from h and d to V are only drawn in the fig. as far as the 
smaller semicircle) by lines cutting the smaller semicircle 
in b' and d\ Then A A', h h\ c <fec., are the plans of gene- 
rating lines of the frustum (tapering body), and in order to 
draw its pattern tkoir true lengths must be found. 

(64.) If V is inaccessible, then divide the smaller semi- 
circle in to four parts (the same ‘ convenient number ’ of parts 
that the larger heinicircle was*divid« d into), in the points b', 
c', and d\ and join h 6', c c', and d d\ 

The true lengths of h h\ c c\ &c., are found as follows : From 
B' draw a line ])erpendicu]ar to X X' and cutting A" F in F, 
and join EF. Then EFis the true lengtii of EE'. Now 
make E' D equal to d d! and join D F ; then D F is the true 
length of d d\ Next set off B' C equal to e c\ and E' B equal 
-to bb'; and join OF and BF. Then OF and BF are the 
true lengths respectively of cc' and bb'. The tme length of 
A A' we already have in A A", and as this is the longest 
generating lihe of the fruhtum, E F will be the 'shortest. 

We proceed now to 'find the distance the points A and b\ 
h and c\ c and d\ &o , are apart, which wo do by finding the 
true lengths of the lines Ab', be', cd\ and JE', joining 
the points. Thi ough b' draw b' b" perpendicular to A b', and 
equal to the given height* Join A b" ; then A b" may be 
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taken as the true length of A h'. Similarly, ihrongh c\ d\ 
and E' draw lines equal to the given height, and perpen- 
dicular to h c\ c d\ and d^' respectively. Join he!\ c d\ and 
de"; then hc!\ cd" and dd' may ho taken as tlio true lengths 
required. ' 

To diaw the pattern (Fig. 12) the seam to corresjiond with 
the shortest generating lino. Draw A A' (i(|ual to A A" 
(Fig. 11) and with A and A' as (sontres and radii resjiectively 
Ah" and A'h' (Fig. 11) de.scril)c arcs iiitorsecting in 
Next with h' and A as centres and radii rosp(!C!tivuly B F and 
A h (Fig. 11) describe arcs intersecting in h. Then A, h, A', h\ 
are points in the curves of the pattern. With h and V as 


Fig, 12. 



centres and raiu respectively he" and FF (Pig. 11) describe 
arcs intersecting ifi With d and h as centred and radii 
respectively C P and h*'- (Pig. 11) describe ardk intersecting 
in c ; and with c and c' as centres and radii resp(‘ctively c d" 
BJidc'd' (Pig. 11) describe aics intersecting in d\ With d' 
and c as centres and radii respedively D P and cd (Pig. 11) 
describe arcs intersecting in d, 'H.biiilarly find E' and E. 
Draw unbroken curved lines through 1.6 c d E and A' 6' d d' E 
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And join EE'; that will givo ns half the pattern. By like 
j)r()Occluro we find the other half of the pattern, that to the 
left of A A'. 

(65.) Tlie lines b ?/, c r\ <te., and the dotted lines A h\ h c\ (fee., 
are drawn in Fig. 12 simply to show the position that the 
lines winch correspond to the>n in Fig. 11 (/>//, Ah', <fec.) 
take upon the developed surface of tlic tapering l)ody. It is 
evident that it is not a necessity to make distinct ojierations 
of the two halves of the pattern ; for as the points V, b, c', c, 
&c., are succe ssively found, the points on the left of A A' 
corresponding to tlunu can bo set otf. 

PROBLEM V. 

To draw the pattern of an ohlhpie cylinder {inethu d circular pipe, 
for example ), ^he h ntjili and iucliuaikm of the axis and the 
diameter being given. 

Draw (Fig. 13) any line A' O', and at the point A' in it 



make the angle G' A'A" equal to the given inclination of the 
axis. Make A' G' equal to the given diameb^r, and draw a 
line G' G" parallel to A' A". Make A' A" and G' G" each equal 
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to the lciip:th of the cylinder (the lengtli of a cylinder is the 
’length of its axis) and join Then A’^iTG’ is the 

elevation of the cylinder. Now on A'G' describe a semi- 
circle, and divide it into any number of equal parts, in the 
points 1, 2, 3, &c.; through each point draw linos per])ondi- 
cular to A' G', mooting it in points B', O', 1 &c., and through 
O', D', Ac., draw lines parallel to A' A". Draw any lino 
A G perpendicular to A' A" aiid G' G", cutting the lines B B , 
C' C", &r., in points B, C, • Next make B h equal 
to B'l, Cc e^iual to 0'2, J)d equal to D'3, Ee equal 
to E'4, and F/ equal to F'5, and draw a curve from 
A through the points 5, c, d, &c., to G. It is necessary 
to remark that this curve is not a semicircle, but a 
semi-ellipse (half an ellipse). 


Fio. 14. 



To draw the pattern (Fig. 14). Draw any lino A A, 
and at about its centre draw any line G" G' perpendicular to 
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it and cutting, it iii G. From G, rigiit and loft of it, 
on the lino A A niaik distancos GF, F K, ED, DC, C ?>, and 
BA equal roB])ectiv(‘ly to tlio distances G/, /c, ed, dc, 
&c. (Fjg. 13). I’lirougli the points F, E, 1), Acc., right 
and loft of G, draw lines ])aiallcl to G" G'. !Mako G (3, G G" 
equal to G G', GG" (Dig- 13) respootivedy. Similarly 
make F F', F F", E E', E E", ]) D'. D D", ('fee., right and left of 
G' G'' eqmd respectively to F F', F F", E E'. E E", 1) D', 1) D" 
&c. (Fig. 13). Draw an nnhroken curved line from G" 
through F", E", D", &c., right and left of G" and an unbroken 
curved lino through F', E’, 1)', &c., right and lelt td' C/. The 
figure A"G" A" A'(j|' A' will bo the pattern rcapiired. The 
two parts G” A" A' ( j' of the pattern are alike in every 
respect. 
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OHArTEU II. 

IlNEQUAL-TAPEMNa BoDIES, OE WHICH ToP AND BaSE ARE 
Parallel, and their Plans. 

(66.) Before in<o |»robleins showiiig how to diaw the 

patterns ot unequal-tapering bodies with parallel ends, 
bodies which are (^as the student wjll realise as ho proceeds) 
partly or wholly portions of oblique cones, it will Ix) neces- 
sary to enter into considerations in respect of the plans of 
frusta of such cones (see § 58, p. Ill), similar to those 
appertaining to the plans of frusta of right cones treated 
of in Chap. V., Book I. ; but to us of greater imjiortance, 
because tin? constructions in problems fur the setting out 
of patterns of bodies having unequal taper or inclination 
of slant are a little more difficult than those in problems for 
patterns of e(iual-tapering bodies. The chapter referred to 
may be now again read with Advantage. 

As much use will bo hereafter made of the terms Pro- 
portiomte Arcs and Similar Arcs we now define them. We 
also extend our explanation of Corresponding Points. 

Definitions. 

(67.) PitopoRTiONAL Arcs: Similar Arcs. — Arcs are pro- 
portional when they are equal portions of the circumferences 
of the circles of which they are resj)ectivoly parts; they 
are similar when they are (-ontained between the same 
generating lines. Similar arcs are nocessarilj^ proportional. 
In Fig. 15 the arcs A D and A' D' arc proportional because 
each is a quarter of the circumference of the circle to which 
it belongs. They are similar because the generating lines 
y A and V D contain them both. 

(68,) OoRRESPONDiNG POINTS.— Points OR the same gei?e- 
rating line are corresponding points (compare § 24) ; thus, 
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the points A and A' arc corresnonding points, because they 
arc on llio same gonorating line V' A ; also the points C anJ* 
C' on the generating line V' C. The point A' on V A is the 



plan of A on V' A ; the point C' on V 0 is the plan of C' on 
V' C ; and so on. • 

(69.) From tho figure, which shows a frustum of an oblique 
cone standing on a horizontal piano, it will be seen that the 
plan of a round une(iual-taporing body (frustum of oblique 
cone) consists mainly of two circles C A D B, O' A' D' B', the 
plans of the ends nf the body. In Fig. 16 is shown a 
complete plan of an oblique-cone frustum. With the con- 
necting lines of the two sides we are not concerned, but may 
simply mention that they are tangents (lines which touch 
but do not cut) to tlio circles. Further from Fig. 15 it will 
bo seen that, completing the cone of which the tapering 
body is a portion. 

a. Tho plan of tho axis (lino joining tho centres of the 
ends) of a frustum is a line joining tho centres of the circles 
which are tho plans of its ends ; thus, tho lino 0 O' is the 
plan of the axis 0 0" (soo also O O', Fig. 16). 
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Similarly, the ])lan of the axis of the complete cone, is the 
,plim, ]»roduce(l, of the axis of its ftnstimi; thus, 0 Y is the 
plan of 0 V'. 

h. The plan, produced both ways, of the axis of a fimstum 
contains the plans of the lines of greatest and h'ast inelina- 
tion on the frustum (see § 52) ; that is to sny, of the longCvSt 
and {'hortest lines on it. Thus, 00', produced huth ways, 
contains the plans of A A' and B B'. it is convenient to 
regard linos joining corresponding ]>oints of a frustum 
(corresj)onding points of a frustum arc points on one and 
the same generating lino of iho com]>lote cone) as g(merating 
lines of the frustum, (See in connection with this, § 46). 
Then lines A A', B B', for instance, may bo spoken of as 
generating linos of the frustum rejjresontod. 

Similarly, the plans of the longest and shortest generating 
linos of a cono are contained in the plan, produced, of the 
axis of its frustum; thus, the plans of V'A and V'B are 
contained in 0 0' produced, both W'ays. 

c. The line, produced, which joins the centres of the plans 
of the ends of a frustum, contains th(! plan of the apex of 
the cono ; thus, 0 O', produced, contains V the plan of V'. 

d. The line, produced, xfhich joins the plans of corre- 
sponding points of a frustum (boo definition, § 68) contains 
the plan of the apex of the complete cone, and, produced only 
as far as the plan of the apex is the plan of a goiiorating 
line of the cone ; thus, C and C' being corresponding points 
on the cone, the plan, C C', produ(;ed, of the joining C and C', 
contains V ; and C Y is the plan of the general ing line 
CV' 

e. The plans produced of all generating lines of a frustum 
intersect the plan of its axis produced, in one point, and that 
point is the plan of the apex of the cony^lete cone; for 
example, the plans produced, of the generating linos CO' 
and D D' of the frustum intersect 0 0' produced in Y. 

(70.) It follows from e that the plan of the apex of the 
eompletc cone of which a given frustum is a portion can 
easily bo found if we have given tlie phms of the ends of the 
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frustum and the plans of two corresponding points not in 
the lino passing through the centres of the plans of its ends! 
This is a valuable fact for us, as it si)ares us elevation 
drawing which in many cases is very troublesome, and 
indeed, sometimes practically impossible, as, for instance, 
where an unecpial-tapering bo^ly is frustum of an exceed- 
ingly high cone the axis of which is but little out of the 
porpoiidi(;ular. This is a case in wh < h although the apex 
cannot bo found in elevation because of the great length of 
the necessary lines, it can roadils bo found in jdan, because, 
in plan, the reciuisite linos are short. An oblique cone may 
of course not only be exceedingly long, but also very greatly 
out of the perpendicular. In this cuse it is impracticable 
anyhow to find the jdan of the apex. Problem IV., just 
solved, meets both cases. It was by e that we there found 
the plan of the apex when accessible, that is, where the lines 
of the plan are not unduly long (see Fig. 11) by joining (he 
plans of corresponding points c and c' (c and d are corre- 
sponding points in that they are mid-points on the half- 
plans of the ends of the frustum, and therefore necessarily 
on one and tlie same generating line), and producing cd to 
interaect 0 O', the lino joininjf the centres of the plans of 
the ends, that is to intersect the plan produced of the axis 
of the frustum. 

(71.) Passing the foregoing under review, it will be seen 
that if we have two circles whicli are the plaus of the ends 
►of a round unequal -tapering body (frustum of an oblique 
cone) standing on a horizontal piano, and the circles are in 
their proper relative positions as part plan of the frustum, 
then the line produced, one or both ways as may ho necessary, 
which joins the centres of the circles, contains ; — 

The Plan of*the Axis of the frustum (see a, p. 125). 

The Plan of the Axis of the cone of which the frustum is 
a part (see a, p. 125). 

Tl*e Plan of the Apkx of the cone (see c, p. 12()'). 

The Plans of the Longest and Shoutest CIeneuating lines of 
the frustum (see 6, p. 126), 
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The Pi. A NS of the Lonokst and Shortest ORNERATTNa 
Lines of the cone, of wliieh the finstuiii is a i>art (see 5, 

The P[4N3 of the Lines of Oueatest and Least Tncijnation 
of the frustum (s(Hi 6, p. 126), 

The PiJLNS of the Lines of (Jreatest and I^east Inclina- 
tion of the cone, of which the fnislnm is a ])art (see 
§ 52, p. 107). 

And this is a matter of very great jiraetical im])ortance, as 
will be seen later on. 

(72.) As with circles under the conditions stated, so exactly 
with arcs which form the plans either of the (uids or of 
portions of the ends, of an unequal-tapering body. 

(73.) Further, referring to c and d of ]). 55 as to round 
equal-tapering liodios we are now in a ])osition to deduce (see 
Fig. 15) the following as to round uiiequal-ta])ering bodies. 

/. Hie plan of a round unequal-tapering body with top 
and base parallel (frustum of oblique cone) consists essentially 
of two circles, not concentric, definitely situate relatively to 
one another. See Fig. 1 6. 

Fig. 1G. 


T) 



Similarly the plan of a portion of such round unequal- 
tapering body (frustum of oblique cone) consists essentially 
of two arcs definitely situate relatively to one another, and 
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not concentric. See Fig. 17. 00' is the axis of iho complete 
frustum. 

g. Conversely , — If two circles, not having the same centre, 
definitely situate relatively to one another, form esstmtially 
the plan of a tapering body having parallel ends, that body 
is a roun ' unequal-tapering body (frustum of oblique cone). 

In Fig. 16, if the two cindt^s rcipresent essentially the 
plan of a tapering body having parallel ends, then the body, 
of which the circles are the essential plan, is a round unequal- 
body (frustum of oblique cone). 

Similarly if two arcs definitidy situate relatively to one 
another, and not having a common centre, form the essential 
part of the plan either of a ta}>oring body or of a portion of 


Fio. 17. 



a tapering body having parallel ends, then that body or por- 
tion is a portion of a round unequal-tapering body (frustum 
of obliquii cone). 

In Fig. 17 if the arcs form the essential part of the plan, 
either of a tapdring body or of a portion of a tapering body 
having parallel ends ; then the body or portion of baly, of 
which that fig. is the plan, is a portion of a round unequal- 
tapering body (frustum of oblique cone). In the particular 
plan represented the arcs are similar; the points B and 
B', and A and A' are therefore corresponding points. 
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We will now proceed to draw the plans of some nne(iual* 
tapering bodies, of which patterns will be presently set out. 


PROBLEM VI. 

To draw the plan of an uneqnal-tnpering body with top and base 
parallel and having straight sides and semicircular ends 
{an “ equal-end ” hath with semicircular ends), from given 
dimensions of top and bottom. 

Draw A'B'C'D' (Fig. 18) tho plan of the bottom by 
Problem XVL, p. 20. Bisec^t A'B' in 0, and through 0 
draw C D perpendicular to A' B'. Make 0 A and 0 B each 


Pig. 18. 



equal to half the length, and 0 C and 0 D each equal to half 
the width of the top. The plan of the top can now be drawn 
in the same manner as that of the bottom, completing the 
plan required, 
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PK()1U.EM VIL 

To draw the plan of an oval unequal-faporing body with top and 
base parallel (an oval bath from given dimensions of top 
and bottom. 

Draw (Fig. 19) A'B'C'D' the plan of the bottom, the 
given length and width, by l*roblem XIL, p. 13 ; and make 


Fig. 19. 



0 A and 0 B each equal to half the length, and 0 C and 0 D 
each equal to half the width of the top. The plan of the top 
can now be drawn in the same manner as that of the bottom ; 
this completes the plan required. 
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PROBLEM VTII. 

To draw tic jdan of a tapering hodij with top an<< base parallel 
and having oblong bottom with semicircular ends and 
circular top {tea-bottle top)y from given dimensions of top and 
bottom. 

Draw (Fig. 20) tho plan of ilie oMong bottom by 
Problem XVI., p. 20, and with 0 the iTih^rKCction of i lie axes 
of the oblong as centre and half th(‘ diametei' of the top as 
radius, describe a circle. This completes the ulan. 


Fig. 20. 



We here, for the first time, extend the use of the word 
‘ axes’ (see Problems XII. and XIV., ,pp. 13 and 15). It is 
convenient to do so, and the meaning is obvious. 


PROBLEM IX. 

To draw the plan of a tapering body with top and base parallel, the 
top bei7ig circular and the bottom oval (oval canister^top)^ 
from given dimensions of top and bottom. 

Draw (Fig. 21) the plan of the oval bottom by Problem 
XIL, p. 13, and withO the intersection of the axes as centre, 
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and half the given diameter of the ton as radius, describe a 
circle. Tins completes the plan. 


Fir: 51 



PliOBLEM X. 

To draw the plan of n tapering body with top and base parallel 
and having oblong base with rouwl corners and circular top^ 
front given dimensions of the top and bottom. 

Draw (Fig. 22) t)ie plan of#tho oblong bottom by Problem 
XV., p. 19, and with 0 the intersection of the axes of the 


Fio. 22. 



oblong bottom as centre and half the diameter of i he top as 
radius, dusciibe a circle. This completes the jilan. 
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PKOBLEM XL 

To draw the plan of an Oxford hip-bath. 

Fig. 23 is a side elevation of the bath, drawn here only to 
make the problem clearer, not because it is necessary for the 
working. No method tliat involves the drawing of a full- 
size side elevation is practical, on account of the amount of 
space that would be required. 

ViQ. 23. 



c 



The bottom of an Oxford hip-bath is an egg-shaped oval. 
The portion 0 X' of the top is parallel to the bottom A! B', 
and the whole X X' top, the portion 0 X E of the bath being 
removed, is also an egg-shaped oval. In speaking of the 
plan of the ‘bath,’ we mean the plan of the XX' 9' A' 
portion of it, as the pl^n of this portion is all that is necessary 
to enable us to get at the pattern of the bath. 

We will first suppose the following dimensions given : — 
The length and width of the bottom, and the length of the 
X X' top, the height of the bath in front, and the inclination 
of the slant at back. 

First draw (Fig. 25) the plan of the bottom A' D' B' C' by 
Problem XIII., p. 14. To draw the horizontal projection of 
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the X X top, make (Fig. 24o) the aoglo A A'E equal to the 
given inclination <)f the slant at the back. Through A! draw 
A' H perpendicular to A A', and e<|ual to the height of the 
bath in front; through H draw 11 X parallel to A A' and 
cutting A'E in X; and draw XA perpendicular to XII; 
then A A' will be the distance, in plan, at the back, between 
the curve of the bottom and the curve of the X X' top 
(Fig. 23). Make A' A ( Fig. 25) equal to A A' (Fig. 24a), and 
make A B eijual to the length of the X X' top. With 0 as 
centre and 0 A as radius describe a semicircle ; the remainder 
of the oval of the X X' top can now be drawn as was that of 
the bottom. This cmipletes, as stated above, all that is 
necessary of the plan of the bath to enable its pattern to be 
drawn. 


Fig. 24a. Fig. 246. 



If the width of the X X' top is given, and not the inclina- 
tion of the bath at back, make 0 A (Fig. 25) equal to half 
that width, and proceed as before. The seam in an Oxford 
hip'batb, at the sides, is on the lines of which C C' and 
D D' are the plans. 

If the length of the X X' top (Fig. 23) is not given, it can 
be determined in the foDowing manner : — 

Let the angle X B' B (Fig. 246) repr^'sent the incliuation 
of the slant of the front, and B' X its length. Through X 
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draw XB porpcndicular to B'B; then BB' will he ihe dis- 
tance in plan, at the front, between the curve of the bottom 
and the curve of the XX' top (Fig. 23), and this distance, 
marked from B' to B (Fip;. 25), tojj;other with the distance 
A' A at the back end of the plan of the bottom, fixes the length 
required. , 


Vuu 25 . 


D 



If the lengths only of the »!ants of the bath at back and 
front are given and not tlieir inclinations, the plan of the 
X X' top can bo drawn as follows : — 

Draw two lines X B, B'B (Fig. 246) perpendicular to one 
another and meeting in B ; make B X equal to the given 
height of the bath in front, and with X as centre and radius 
equal to the given length of the slant at the front, describe 
an arc cutting B'B in B’. Make B'B (Fig. 25) equal to 
B B' (Fig. 245), and B A equal t(» the given length of the 
X X' to}) ; this will give the di^tance A' A. Now make A A' 
(Fig. 24a) equal to A A' (Fig. 2.5), draw AXvmd A'H per- 
pendicular to A A' and equal to the given height of the bath 
in front ; join HX and draw A'E, through X, equal to the 
length of the slant at the back ; tbe*remainder of tlie plan 
of the X X' top can then be drawn as already described. 

It will be useful to show here in this problem how to " 



METAL-PLATE WORK. 


137 


complete the back portion already commenced in Fig 21a 
of the Bide elevation of the hath. Make A' M equal to th(f 
slant (§ 4, p. 24) at hack, wliich ranst of courso he given, 
and make XO equal to half the given width of the XX' 
top ; join OE, and draw 0 0 perpendicular to A A' produoed ; 
then A' E 0 0 is the elevation r<i(juired. 


rKOiil.EAl XI 1. 

T<y draw the plan of an Athenian hip-hath or of a sitz-hath. 

Fig. 26 is a side elevation of the hath, drawn for the reason 
mentioned in the preceding problem. 

Fia. 26 . 



The bottom of an Athenian hip-bath or a sitz-bath is an 
ordinary oval. The portion X' P of the top is parallel to the 
bottom A' B', and the whole XX' top, the portion B'X-’ 
of the bath b«ing removed, is also an ordinary oval. Simi- 
larly as with the bath of the las^ problem ; we mean by plan 
of the ‘ Lvwth/ the plan of the XX B' A’ portion of it ; no 
more being required for the drawing of the patt' rn of the 
bath. 

We will first suj)poso the given dimensions to be those of 
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the bottom and the X X' top of the bath, also height of the 
'hath in front. 

First draw A' D'B' C' (Fig. 27) the plan of the bottom by 
Problem XII., p. 13. To draw the plan of the XX' top 
(Fig. 26)* set off OA and OB each equal to half the given 
length tliat top, and OG. and 01) each equal to half its 
given width. The plan of the X X' top can now he drawn 


Pia. 27. 



as was that of the bottom. This completes, as stated above, 
all that is necessary of the plan of the bath to enable its 
pattern to l)e drawn. 

If th(^ length of the X X' top (Fig. 26) is not given but the 
inclination of the slant at front and back, tlieso inclinations 
being the same, the required length can be determined in the 
folbwing manner:— 

Make the angle AA'E (Fig. 28a) equal to the given 
inclination. Through A' draw A' il perpendicular to A A' 
and equal to tlie given height of the bath in front ; through 
H drawHX parallel to A A' and cutting A'E in X, and 
draw X A perpendicular to A A' ; then A A' will be the 
distance in plan, at back and front, between the curve of the 
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bottom and the curve of the X X' top. Make A A' (Fig. 27) 
and B B' each equal to A A' (Fig. 28rt) ; then A B will be the* 
length required. 



If the length of the XX' top of the bath (Fig. 26) is not 
given, nor the inclination of the slant at front and back, but 
only the length of the slant at front, the required length can 
be thus ascertained. 

Draw two lines X B, B' B (Big. 286) perpendicular to one 
another and meeting in B ; make B X equal to the given 
height of the bath in front, and with X as centre, and radius 
equal to the length of the slant at the front, describe an arc 
cutting B B' in B'. Make A' A and B' B (Fig. 27) each equal 
to BB' (Fig. 286), then AB is the length wanted. The 
remainder of the plan can bo drawn as described above. 

By a little a<ldition to Fig. 28^ we got at the back portion 
of the side elev.ition of* the bath. It will be useful to do 
this. Produce A'X and make A'E equal to the slant at 
back, which i»ust of course be given. Then, on the plan 
(Fig. 27), Fi being the meeting point of the en 1 and side 
curves of the oval A D B C, draw E F perpendicular to A B. 
Make XF (Fig. 28a) equal to AF (Fig. 27) ; join F E ; this 
completes the elevation required. 
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TEOBLEM XIIL 

To dran) ihp plan of an ohhwj taper hath, the size of the and 
hotiom, the height^ and the slant at the head being given. 

To draw DE F C (Fig. 30) the plan of the top. Draw A B 
equal to the given length of the top, and through A and B 
draw lines perpendicular to A B. Make A E and A D each 
equal to half tho width of the top at the head of the hath, 
and B F and B C each equal to half the width of the top at 
the toe ; and join E F and D C. Next from E mark off along 
EF and ED equal distances, EG and E II, according to the 
size of the round comer required at the head. (It will be 
useful practice for the student to woik this problem, com- 
mencing with the plan of the bottom, and its smaller corners, 
for the reason given in § 27a, p. 63). Through G and H draw 


Fig, 29^c 


Fig. m. 



lines perpendicular to E F and E D respectively, intersecting 
in 0 ; and with 0 as centre and 0 G as rac^jus describe an 
arc H G to form the corner. The round corners at D F C, 
&o., are drawn in like manner. 

To draw the plan of the Ixittom. . Let the angle A" A' A 
(Fig. 29a) he the angle of the inclination of the slant at the 
head, and A' A" the length of the slant. Through A" draw 
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A" A ])crpen(1icnlar to A A', then A A' will bo tho disbmce 
between the lines, in pLm, of the top and bottom at the* 
head. Make A A' (Fm-. 30) (qnal to A A' (Fig. 29a), and 
A' B' equal to the length (»f the bottom. Through A' and 
B' draw linos each ])er])e»Hlicular to A B ; make A' I''/ and 
A' D' each equal to half the width of the l)Ottoin at the head, 
and IV F' and IV C' each e(iual to half tho width of the 
bottom at tho toe. Join E' b'* and D'O'. The ronnd corner 
of tho bottom a the head must be drawn in proportion to 
tho round corner of the top at the head, and this is d ne in 
the following manner. Join EE' and produce it, to meet 

Fig. 30. 



AB in P, and join H P by a line cutting F E' in H' ; make 
E' G' equal to E' H', and complete the corner from centre O' 
obtained as was the centre 0. Draw the other corners in 
similar way, ayd this will complete the plan required. The 
D comer is like the E corner ; the corners also at F and C 
correspond. Similarly with the E' and D', and F' and O' 
corners. 

If the length of the bath is given and the length of slant at 
(but not its inclination) head or toe, the distance A A' can be 
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found by drawingtwo lines A" A, A' A (h\. 29a) perpendicular 
'bO one another and meeting in A, and making A A" equal to the 
given height ; then, with A" as centre and A" A', the given 
length of the slant at the head, as radius, describe an arc 
cutting A A' in A'. Then A A' is the distance required. 
Similarly (Fig. 295) the distance B IV can be found. 
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CHAPTER III 

Patterkr for Artioles of Unequal Taper or Inclination 
OF Slant, and having Flat ( Plane) Surfaces. 

(Class If. Subdivision h.) 

Articles of unequal taper or inclination of s^an^ and having 
plane or flat surfaces (hoppers, lioods, &c.), are frecjuently 
portions (frusta) of oblique pyramids, or parts of such 
frusta. 

Definitions. 

(74.) Oblique Pyramid : Frustum of Oblique Pyramid : — 
Oblique pyramids have not yet been defined. For our 
purpose it will be sufficient to define an oblique pyramid 
negatively, that is, as a pyramid which is not a right 
nyramid ; and when cut by a plane parallel to its base (that 


Fig. 31. 



JS when truncated), to define its frustu-ii (§33, p. 69) as the 
frustum of a pyramid wJiich is not a right ijyramid. In the 
oblique pyramid the faces are not all equally inclined 
Articles of which the faces are not all equally inclined are 
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not nerossarily portions of oWiquo pyramids. One suA 
■case will be given later on. The problems immodiately 
following deal with articles of which the faces are not all 
equally inclined, but which areporlh.ns of oblique pyramids. 

(76.1 Further, an oblique pyramid, when it lias a base 
through the angular poinis.of which a circle can lie drawn, 
can be inscribed in an oblique cone like as a right pyramid 
in a right cone, and this prope ty gives constructions for 
solving most of our oblique-pyramid problems, somewhat 
similar to those in Book L, Chapter VI., where the right 
pyramid is cuncenicl. Fig. 31 represents an oblniue 
hexagonal pyramid inscrilaid in an oblique cone. This g. 
should be compared with Fig. 31, p. 07. The edges of the 
oblique pyramid are generating lines of the cone. 


Fig. 32. 



(76.) Also from Fig. 32 it will be seen that the plan of a 
frustum of an oblique hexagonal pyramid standing 
zontal plane consists of two hexagons A B C D and A B O D 
(the plans of the ends), whose similarly situated sides, A Band 
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h! B', B 0 and IV C', C 1) and C' I>' for iiislanco, aro ])arallel, and, 
whose corrcsjunidin^ points (§(18, p. 1 j 4) A, A' and ?>,!>', lor 
instance, aro joined l>y linos A A', B IV, \vhi(ili arc tlio plans of 
tho edges of the frustum. Just as in the case of tin* frustum 
of the oblique cone (see d and e, p. 12(5), if a line joining 
corresponding points in }tlan be f)roducetl, it will ci ntain the 
plan of tin*, apex of the conipl<‘te ])\ramid of which the 
frustuin is a portion ; and if anotlier such lims 1 k^ produced 
to intersi*(jt the iirst lino, the. point of intersection will be 
that plan of apex. For example, tho lines A A', B B' and 
C V' produced meet in a ])oint which is the plan of the apex 
of the pyramid of whielj tho frustum ABB D" B’'A" is a 
portion. 

(77.) From this it follows that if the plan of a tapering body 
with top and base parallel and ha\ing plane or flat surfaces 
be given, we can at once determine whether the tapering 
body is or not a frustum of an oblique pyramid by producing 
the plans of tho edges, if these mc'et in om* ]>oint, then tho 
giver' plan is that of a frustum of an oblique pyramid. 


PKOBLEM XIV. 

To draw ihe pattern of an oblique ptfiumid. 

Case 1.-- Given tho jdan of tho pyramid and its height. 

Let ABCDEF V (Fig. 118) be the plan of the pyr-mid 
(here a hexagonal pyramid). V being the apex, and 0 V the 
plan of the axis. Draw X X parallel to 0 V, and through 
V draw V V' perpendicular to X X, and cutting itin w ; make 
vY' equal to the* given height of the pyramid. Next make 
r fl, « 6, vc,vd,ve, and" v f equal respectively t' » V A, V B, 
VC, V D, V E, aud V F, the plans of the edges of the 
pyramid. Joining V'a, V'c, <fec., will give the true 
W'gths of these edges. 

To draw the pattern of the pyramid with the seam at the 
ed^ V A. Draw V A (Pig, 34) equal to V' a (Fig. 38)-; with 
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found in similar manner. Thus, with V (Fig. 34) as centre 
and V'c, V'd, V'e, V'/» and V'a (Fig. 33) successively as 
radii, describe arcs c, d, e, / and a (Fig. 34). Next, with 
B (Fig. 34) as centre and B C (Fig. 33) as radius, describe an 
arc intersecting arc c in C ; with C D (Fig. 33) as radius and 
C (Fig. 34) as centre describe an ^rc cutting arc d in D ; with 
D (Fig. 34) as centre and B E (Fig. 33) as radius describe an 
arc intersecting arc e in E ; and so on for points F and A. 
Join AB, BC, CD, DE, EF, FA and A V, and this will 
complete the pattern required. 


Fra. 34. 



Joining the pgints B, C, D, Ac., to V, it will be seen that 
the pattern is made up of a number of triangles, esich triangle 
being of the shape of a face of the pyramid, also that the 
oonstniction of the pattern is very similar to the construction 
of that of an oblique cone. 

Should it bo inconvenient to draw XX in the position 
shown in Fig. 33, the true lengths of the edges of the pyramid 

h 2 
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.can he found in the following manner. Draw XX qnit^ 
apart from tlio plan of the pyramid, and i'rum any point v in 
it draw v Y' perpendicular to X X, and equal to the height of 
the pyramid, and proceed as just described. 

Case II.— Given the plan' of the pyramid and the length 
of its axis. 

Draw X X (Fig. 33) parallel to 0 Y, the plan of the axis ; 
through Y draw V V' perpendicular to XX, and through 0 
draw 00' perpendicular to XX. With 0' as centre and the 
given length of the axis as radius describe an arc cutting 
V V' in V' j then v Y' will be the hcignt of the pyramid, and 
we now proceed as in Case 1. 

Or, draw V x perpendicular to 0 Y, and with 0 as centre 
and radius equal to the length of the axis describe an arc 
cutting V a; in a; ; \ x will be the height of the pyramid. 


PROBLEM XV. 

To draw the paikm of a frmtum of an ohluj[ur pyramid. 
Case I. — Given the plan of the frustum and its height. 
Let A B C D D' A' B' C' (Fig. 35) be the plan of the frustum 
(here of a square pyramid). Produce A A', BB', &c., the 
plans of the edges to meet in a point Y ; this point is the 
plan of the apex of the pyramid of which the frustum is a 
part. Join 0, the centre of the square which is the plan of 
the large end of the frustum, to V. The line 0 V will pass 
through o\ the centre of the plan of the small end ; 0 0’ tvill 
be the plan of the axis of the frustum, and'O Y the plan of 
the axis of the pyramid of which the frustum is a portion. 

Draw X X parallel to 0 Y ; through V draw V V' perpen- 
dicular to XX, and cutting it in v. Make vx oqu d to thff 
given height of the frustum, ami thi^vUgh x ^.raw xx parallel 
to X X ; through 0 draw 0 4 perpentiioular. ‘ . XX and 
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meeting it in Q and through 0' draw 0' Q' perpondiculau 
to XX and cutting xx in e\ Join Qo' and produce it to 
intcTsect v V' in V'. Next make va^vh^vc^v d equal to V A, 
V B, V 0, V D res[)eotively ; join a, h, c, and d to V' by lines 
cutting ic a? in points a\b\c\ and d' ; aa\ hh\ fe, are the 
lengths of the edges of tho frusthm. 


Fig. 35. 



To draw the pattern with the seam at A A'. Draw V A 
(Fig. 36) equal to V' a (Fig. 35) ; with V as centre and Y h (Pig. 
86) as radius describe an arc 6, and with A as centre and A B 
(Pig. 35) as radius describe an arc intersecting arc 6 in B ; 
with V' c (Fig. 35) as radius and V as centre describe arc c, 
and with BC (Pig. 35) as radius and B as centre describe 
an arc intersecting the arc c in C. Next with V ' d and V' a 
(Fig. 35) as radii and V as centre describe arcs d and a ; with C 
as centre and radius C D (Fig. 35) describe an arc intersecting 
arc d in B ; and with D A (Fig. 35) as radius and D as centre 
describe an arc intersecting the arc a in A. Join A, B, C, 


150 


METAL-PLATE WORK. 


pd A to V; make A A', BB', CC', DD' respectively eqnal 
to a a\ h l\ c c\ d d' (Fig. J15), and join A B, BO, CD, DA, 
A' B', B' C', C' D', Ac. Then A B C D A A' D' C' B A' is the 
pattern required. 


Fia. 36. 



(78.) The dotted circles (Fig. 36) through the angular 
points of the plans of the ends show the plans of the ends of 
the frustum of the oblique cone which would envelop the 
frustum of the pyramid. From the similarity of the con- 
struction above to that for the pattern of a frustum of an 
oblique cone, it will bo evident that we hilvo treated the 
edges of the frustum as generating lines (see 6, p, 126) of the 
frustum of the oblique cone in which the frustum of the 
pyramid could be inscribed. 

Should it be inconvenient to draw X X in conjunction with 
the plan of the pyramid draw X X quite apart, and from any 
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point V in it draw v V' perpendicular toX X ; make v x equal 
to the height of the frustum and draw xx parallel to X X.* 
Make v vh, vc^ vd ecjual to V V B, V C, V D (Fig. 35) 
respectively ; and make x a\ xb\ xc\ xd' equal to V A', V B', 
V C', VD' (Fig. 35) respectively. Join ««', hh\ rr', and dff 
by lines produced to moot v\' isi V', and proceed as st.rod 
above. 

Case II. — Given the dimensions of the two ends of the 
frustum, the slant of one face and its inclination (the 
slant of the face of a frustum of a pyramid is a line 
meeting its end lines and jterpendicular to them). 

Draw (Fig. 37) a lino EE" equal to the given slant, make 
the angle E"E E' equal to the given inclination, and let fall 
E"E' perpendicular to EE'. l)raw A B C D (Fig. 35), the 
plan of the largo end of the frustum, and let B (! be the plan 
of the bottom edge of the face whose slant is given. Bisect 
BC in E and dtaw EE' peij>endiculur to BC and equal to 
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E E' (Fig. 37). Through E' draw B' C parallel to B C ; make 
E' C' and E' B' each equal to half the length of the top edge 
of the BC face, through C' and B' draw C'D' and B'A’ 
parallel to C D and B A ; make 0' D' and B' A' each equal to 
B' C' ; join D' A', also A A', B B', C G', and D D' ; this will 
complete the plan of the frustum . E' E" (Fig. 37 ) is the height 
of the frustum. The remainder of the construction is now 
the same as that of Case I. 
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For large work and wltere tlio oinlK of a frustiini are of 
’nearly the same size, it would lie iTi(;onv» Tnent to use long 
radii. For unequal-tapering bodies which are not ])ortion8 
of oblique pyramids, as in Vroblein XYIL, the method now 
given, or a modificath)n of it, must ho used. 


PROBLEM XVI. 

To draw, without long radii, tlm jitatierrt for a frmtmi of an 
ohlique pyramid. The plan of the frnsiwa and its height 
being given. 

Let A B C 1) D' A' B' C' (Fig. 38) he the plan of the frustum. 
From any point E in B 0 draw E E' ])eri»endicular to B 0 and 
B' O', the plans of the bottom and top edges of the face B C 
B' C' of the frustum. Draw E' E" perpendicular to E E' and 


Fig. 38. 



equal to the height (which either is given or can bo found 
as in Case II. of last problem), and join E E", then E E" is the 
true length of a slant of tlie fa(5e B 0 B' VJ, of the frustum. 
Join I) C', and find its true length (D C") by drawing 0' C" 
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To draw the pattern of the face BtbC, ^ 

(FiS. 39)^-! U. F.F.- (Fj,. 3») ,! ta. 
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tively • join C 0' and BB’ ; this coiuplet^s the ijattern of the 
IMio oattenis of the other faces are found lo the 
face. P With C' fFi«* 3^^) ^ '*” centres and 

following manner :— With Kj (rig. orij a 
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DC- and CT>(Fig:38) .« 

intersecting inD; join CD, p, p 

equal to CD' (Fig. ^ DA (Fig. 38) aa radii 

(Fig. 39) aa centrea and A A ^ | ^ araw 

respectively describe area , .pj ’ 38), and join A 

U' A' parallel to D A and equal to D A ft >g. I< 
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to A'. Next, with B' and B as centres and A B" and B A 
(Fig. 38) respectively as radii, describe arcs intersecting in A ; 
join B A and draw B' A^ parallel to B A and equal to B' A! 
(Fig. 88). Join A A', and this will complete the pattern 
required. 


PROBLEM XVIl. 

To draw the pattern for a hood. 

The plan of the hood is necessarily given, or else 
dimensions from which to draw it. Also the height of the 
hood, or the slant of one of its faces. The hood is here 
supposed to be a body of unequal taper witli top and base 
parallel, but not a frustum of an oblique pyramid. 

Let A B C D A' B' 0' D' (Fig. 40) be the given plan of the 


Pro. 40. 



hood (a hood of throe faces), A D being the * wall line,* A B 
and D 0 perpendicular to A I) and B C parallel to it, also let 
the length of FC", a slant of face BB'C'C, be given. 
Draw 0' F perpendicular to BC and through C' draw C'C” 
perpendicular to C'F, and with F as centre and radius 



METAL-PLATE WOBK. 


155 


equal to the given length, describe an arc cutting C'C" 
in C". Join F C" ; then C' C" is the height of the hood,*' 
which we need. If the height of Jhe hood is giv(in instead 
of the length F C", make O' C" equal to the heigiit and 
join F C", which will be the true length of F L . Kext, 
through C' draw C' E perpondicnlHi' to CD; draw C' C" 
perpendicular tt) C' E, make G' C" equal to the height and 
join EC”. Now produce O'B' to meet AB in G; draw 
B' B" perpendicular to B' G and equal to the height, and 
join G B”. 

To draw the pattern of the hood. Draw F O’ (Fig. 41) 
equal to F C” (Fig. 40) ; through F and C' draw B C and 
B' O', each perpendicular to F O' ; make F B equal to F B 
(Fig. 40) ; make F C equal to F C (Fig. 40), and C' B' equal 
to C' B' (Fig. 40). Join B IV and C O', then B B' 0' C will be 
the pattern of the face of which B B' C' C (Fig. 40) is the 
plan. To draw the pattern of the face C' D' D C i^Fig. 40). 
With O' and 0 (Fig. 41) as centres and EC”. and CE 
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(Pig. 40) as radii respectively, describe arcs intersecting in E. 
Join C E and produce it, making C D equal to 0 D (Fig. 40), 
and tlirough C' draw C'D' parallel to C D and equal to C' D' 
(Fig. 40). Join D D', then C' C D D’ is the pattern of the face 
of which C'C D D (Fig. 40) is the plan. With B' and B as 
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centres and radii respectively equal to B" 0 and B G (Big. 40). 
"^describo arcs intersecting in G. Join BG and produce it, 
making B A equal to B A (Fig. 40), and through B' draw 
B' A' parallel to B A and equal to B' A' (Fig. 40). Join A A ! ; 
and the jjattern for the hood is complete. 



HETAL-PLATE WORK. 


157 


CHAPTER IV. 

Patterns fob Unequal-tapering Articles op Flat and 
Curved Surface comjuned. 

Ci>ASS II. {Subdivision o.) 

From what has h('(‘n stated about the plans of uncqual- 
tapcriug hodii's and from p, 121), it will be evident that the 
curved surfaces of the articles now to be dealt with are 
portions of fiusta of oblique cones. 

(79.) The advantages referred to in § 01 of looking upon 
the oblique cylinder a.s frustum of an oblique cone will 
be evident in this ch?<pter. For there is to each of the 
problems a Ca>e where the plan arcs of the curved portions 
of the body treated of have equal radii. To deal with tljcsB 
as problems exceptional to a general principle would be 
most inconvenient. As extrqjne cases, however, of the one 
principle that the curved portions of the bodies before us are 
portions of frusta of oblique cones, their solution presents no 
difficulty. It will be sufficient to take one such Case in 
connection with only one of the bodies. This we shall do in 
Case IV. of the next problem. 


PROBLEM XVIII. 

Tu draw the pattern for an unequal-tapering body with top and 
base paiallel and having flat sides and semicircular etids (an 
"equal-end^ hathy for instance^ the dimensions of top and 
bottom of the body and its height being given. 

Five cases will be treated of; four in this problem and 
^ one in the problem following- 
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Case ]. — Patterns when the body is to bo made up of four 
pieoos. 

Draw (Fig. 42) the plan of the body (see Pi oblem VL, 
p. 130), preserving of its construction the centres 0, O' and the 
points A, ‘A' in which the plan lines of the sides and curves 



of the ends meet each other. Join A A', as shown (four 
places) in the fig. The ends A D A A' D' A' and A E A A' E' A' 
*of the body (see g, p. 129) are portions of frusta of oblique 
cones. Let us suppose that the seams are to be at the four A 
coniers where they are usually placed, and to correspond 
with the four lines A A'. Then we shall require one pattern 
for the flat sides, and another for the semicircular ends. 

To draw the end pattern. 

(80.) Draw A 6 D D' A' (Fig. 43) the A ft D D' A' portion of 
Fig. 42 separately, thus. Draw any line X X and with any 
point 0 (to correspond with 0, Fig. 42) in it as centre and 
0 D (Fig. 42) f«B radius describe an arc (here a quadrant) D 6 A 
equal to the arc D 6 A (Fig. 42). Make D O' equal to D 0' 
(Fig. 42), atid with 0' as centre and O' D' (Fig. 42) as radius 
describe an arc (here a quadrant) D' A' equal to the arc D' A' 
(Fig. 44). Joining A A' completes the portion of Fig. 42 
required. Now divide D A into any number of equal parts, 
here three, in the points h and c. From D' draw D' D" per- 
pendicular to. XX and equal to the given height. Then 
D, D" are, in elevation, the corresponding points of which 
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D, D' are the plans. Being corresponding points, they are 
in one ard the same generating line (§ 68). Join D D" anS 
produce it indefinitely, then somewhere in that line will lie 
the elevation of the apex of the cone of a portion of which 



A 6 1) D' A' is the plan. Now from O' draw O' 0" perpen- 
dicular to X X and equal to the given height. Then 0, 0" 
are, in elevation, the centres of the ends of the frustum in 
the same plane that D, D" are represented in, that is in the 
plane of the paper ; 0, 0' being the plans of these centres. 
Join 00" and produce it indefinitely; then in this line lies 
the elevation bf the axis of the cone of a portion of which 
A 6DD' A' is the plan, and necessarily therefore the elevation 
of the apex. That is, the intersection point P of these two 
lines is the elevation of the apex. -Next, from P let fall P F 
perpendicular to X X ; then F will be tlu% plan of the apex. 
Join D" 0". With P' as centre and P'c, F h, and P' A sue- 



160 


METAL-PLATB WORK, 


oessivoly as radii, describe arcs cutting X X in 0, B, and A.". 
‘Join these points to P i)y lines cutting 0" D" in O', IV, and A'. 

Next draw a line P D (Fig. 44) equal to P D (Fig. 43), and 
with P as centre and P C, P B, and P A" (Fig. 43) successively 
as radii describe arcs cc, aijid a a. With I) as centre and 
radius equal I)c (Fig. 43) describe arcs cutting arc cc in C 
and C right and left of P 1). With same radius and these 
points C and 0 successively as centres describe arcs cutting 
arc bhiu B and B right and loft of P 1). With B and B 

Fig. 44. 



successively as centres and same radius describe arcs cutting 
arc a a in A and A right and left of P D. Join the points 
C, B, and A right and left of P 1) to P. ^V'ith P as centre 
and PD" (Fig. 43) as radius describe an arc cutting PI) in 
D". With same centre, and P C' (Fig. 43) as radius^ describe 
arc e'e’ cutting lines P C right and left of P D in C' and O'. 
With same centre, and P B' (Fig. 43) ua radius, describe are 
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6' h' cutting lines P B right and left of P I) in P' and H'. 
Similarly iind })oint8 xV and A', 'flirongh the successive’ 
points A, P, P, 1), 0, P, A, draw an unbroken curved line. 
Also through the sncccKsive points A', B', (T, P', A, 

draw an nnbrolmn curved line. Then ADAA'D'A' will 
be the required patltu-n for ends i)f the body. 

To draw tlic pattern for the sid(is. 

TLrongh A' (h'ig. 4il) draw A'F perpendicular to A' A' 
make F (1 equal to tlie given height and join A' Cl. Then 
A' G is the slant of the body at the side. Next draw 
(Fig. 45) A A equal to A A (Fig. 42), and make AF equal 


Fig. 45 . 



A’ A’ 


to AF (Fig. 42) ; through F draw F A' perpendicular to A A 
and equal to A' (I (Fig. 42), and through A' draw A' A' 
parallel to A A. Mak<' A' A' equal to A' A' (Fig. 42). Join 
A A', A A', tlum A A' A' A is the pattern for the sides. 

Case II. — Pattern when the body is to be made up. of two 
pieces. 

We will take it that the seams arc to be at D D' and E E' 
(Fig. 42). It is evident that we want but one pattern, which 
shall include a side of the body and two half-ends. 

First draw as just explained A' A F A A' (Fig. 46) a side- 
* pattern of the body. Produce one of the lines A A' of this 
pattern, and make A F equal to A'T (Fig. 43). With P' as 
centre and P B, P C, and P D (Fig. 43) successively as radii 
describe arcs 6, c, and d, and with A as centre and A 5 
(Fig. 43) as radius describe an arc cutting arc h in B. With 
eame radius and B as centre describe an arc cutting arc d 
in C ; similarly with C as centre and same radius find D 
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Join B P', C F, D F. Now with P B' (Fig. 43) as raJius and 
■?' as centre describo an arc V cuiting PB in B', and with 
P C, P D" (Fig. 48) successively as radii describe arcs c' and 
d cutting P'C and P'D in C and D'. Tlirough the points 


Fig. 46. 



Cask Ill.-Pattem when the body is to bo made up of one 
piece. 


In this case we will put the seam to correspond with D D" 
(Fig. 42). 

Firstdraw AEAA'E’A'(Fig. 47) an end pattern of the 
body m the same manner that A D A A’ D' A' (Fig. 44) was 
drawn. With A' and A (right <,f E E') as centres and A'Q 
and AF (the small length AF) (Fig. 42) respectively as 
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radii describe arcs intersecting in F ; join A F and produce 
it, making A A equal to A A (Fig. 42). Through 
(extremity of FA') diaw A' A' parallel to A A and equal to 
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A' (Fig. 42). Join A A', the extremities of the lines just 
<i*.‘a\'n, and prodnco it indefinitely; and make AF equal 
A"r (Fig. 43). With 1*' as centre and PB, PC, and PD 
(Fig. 43) HUcccHsivcly as radii describe arcs h, c, and d, and 
with A (of A P) as centre and A h (Fig. 43) as radius describe 
an aic cutting arc h in B. With same radius and B Jis centre 
describe an arc cutting arc c in 0, and similarly with 0 as 
centie and same radius find D. Join BP', CP', and DP'. 
N -w with P' as ccnt'c and radii successiv(ily equal to PB', 
PC'', and PD" (Pig. 43) describe arcs h\ c\ and d! cutting 
FB,P'C, and FD in B',(T, and D'. Through the points 
A, B, C, and D draw an unbroken curved line. Also through 
the points A', B', C', and D' draw an unbroken curved line. 
Wo have now in D F A A' A'D' attached to the right of the 
end jiattcrn we stalled witli, a side pattern and a half-end 
pattern. By a repetition of the foregoing construction wo can 
attach A A D D' A' A' to the left of the end i)atteni we 
started with. The figure D E D D' E' D' will bo the complete 
pattern required. 

liASB IV.— Where the plan arcs UA.D'A' (I'ig. 42) have 
equal radii. 

This is the extreme case above (§ 79, p. 157) referred to, 
where the cone becomes cylindrical. Problem V., p. 121, may 


Fio, 48. 



advantageously be compared with the work now given. The 
arcs (Fig. 48) D A and B' A' (here quadrants) being equal 
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their radii 0 D, O' D' are also equal. Thrmipjh D' and O' dra’T 
D'D", and O' A" perpendicular to XX and oacli equal to the 
given height of the body. Join J) D", A" O'' ; divide the aro 
D A into any number of equal parts, hero three, in the 
points b ana c ; an(i through b, and A draw c 0, h B, and 
A 0 each perpendicular to X X and cutting it in C, B, and 0 
respectively. The arc O A being hero a quadrant the j)oint 
where the line from A perpendicular to X X cuts X X is 
necessarily 0, the centre whence the arc is drawn. Through 
C, B, and 0 drjiw C 0", B B", and O A" parallel to O O" and 
cutting A" O" in points <J", B", and A". Also through O" 
draw a line D"A' por|)ondi(mlar to 00" and cutting the 
lines just drawn in O'. B' and A'. Make c 2 equal to 0 c ; 
B' 1 equal to B 6, and A'O equal to 0 A. From O" through 
2, 1, to 0 draw an unbroken curved line. 

To draw the pattern. 

Draw O O" (Fig, 49) equal to 0 O" (Fig. 48) and through 
D" draw an indefinite line A' A' perpendicular to 00". 


Fig. id. 



Mark off on A' A.', right and loft of D", D" O', C' B', and B A' 
respectively equal to the distances between D" and 2, 2 and 
1, and 1 and 0 (Fig. 48) ; and through O', B', and A', right 
and left of O" draw inHefinite lines each parallel to 0 O". 
Make C' C right and left of D 0" equal to C' C (Fig. 48) ; and 
make B'B light and left of DO" equal to B'B (Fig. 48). 
Also make A' 0 right and left of D O" equal to A' 0 (Fig. 48), 
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Next make C'C" right and left of DD" equal to C'C'' 
(Fig. 48). Similarly find poinis B", A" right and left of 
D Jl" by making B'B", A' A" lespectivoly equal to li' B", and 
A' A" (Fig. 48). Through the points 0, B, C, D, C, B, (J, 
draw an unbroken curved Ijne. Also through tlio points 
A", B", C", D", ( B'( A”, draw an unbroken curved line. 
Then 0 D 0 A" D" A" will l)o the pattern required. 


PROBLEM XIX. 

To draw, without long radii, the paUern for an unequaU 
tapering body with top and base 2)araUel and having flat sides 
and equal semicircular ends (an ‘ equal-end ’ bath, for instance). 
The dimensions of the top and bottom of the body and its 
height being given. 

This problem is a fifth case of the preceding, and is 
exceedingly useful where the work is so large tliat it is 
inconvenient to draw the whole of the plan, and to use long 
radii. 

To draw the pattern. 


Pig. 50. 


A E 



First draw half the plan (Fig. 50). It is evident that the 
drawing of the side pattern presents no difiioulty, as long 
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radii are not involved. It can bo drawn as in Case 1. of 
preceding problem. Divide the quadrants D A, D' A’, each 
into the same number of ccjual parts, here three, in the points 
c, h, h' ; join c c\ h b'. Through D' draw D' E porpondiculat ' 
to D' D and C(pial to the given height of the l)ody. Erom 
D' along D'D mark oif D'A,b'B, antil D' 0 respectively 
equal to A' A, // ?>, and c' c ; and join points D, C, B, and A to 
E, then E A, EB, E C, and ED, will be the true lengfhs of 
A'A, Efe, o'r, and D'D respectively. Next join cD', and 
draw D' d" perpendicular to D' c and equal to the given 
height. Join c d'\ then cd” may be taken as the true length 
of D'c. Similarly join he! and Ah', and through c! and h' 
draw c' c" and h' h" perpendicular to c' hand h' A respectively, 
and each equal to the given height. Join h c"and A h", then 
h c" and A h" may be taken as the true lengths of h c' and A h' 
respectively. 

Now draw (Fig. 61) a line DD' equal to D E (Fig. 60) and 
with D' and D as centres and radii respectively equal to d" o 


Fig. 51. 



and D c (Fig. 50) describe arcs right and left of D D', inter- 
secting in c and c. With r, right of D, and D' as centres, and 
radii respectively equal to C E and D' C (Fig. 50) describe 
arcs intersecting in c\ right of D'. With c, left of D, atid D^ 
as centres, and radii as before, describe arcs intersecting in c', 
left of D'. With successively c' and c right and left of DD', 
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as centres and radii respectively equal to c" h and cfe (Fig. 60) 
describe arcs intersecting in h and h right and left of D B'. 
With successively h and c' right and left of B J)' as centres and 
radii i-espectivoly equal to B E and c' h' (Fig. 50) describe arcs 
intersecting in b\ and V right and left of B B', and with siio- 
oessivcly V and h right and deft of B B' as centres and radii 
respectively equal to Ah" and 6 A (Fig. 50) descrilx', arcs in- 
tersecting in A and A right and left of B B’. Similarly with 
A Band b’ A' (Fig. 50) as radii and centres respectively A 
and b' describe intersecting arcs to find points A' and A', right 
and left of B' B. Through the points A, b, e, B, r, 5, A draw 
an unbroken curved line. Also through the jioints A\h\c 
’ B',c', b\ A', draw an unbroken curved lino. Join A A', AA\ 
right and left of B B', then A B A A' B' A' will bo the pattern 
required. 

The lines c c\ c B', b h\ &c., are not needed in the working ; 
they are drawn here to aid the student by showing him how 
tlie pattern corresponds with tho plan, line for line of same 
fettering (see also § 65, p. 121). 


PROBLEM XX. 

To draw the pattern for an oval mequal-iapering body with top 
and base parallel (an oval bath, for instance). The height 
and dimensions of the top and bottom of the body being gi6en» 

Four cases will be ti’eated of, three in this problem, and 
one in the problem following (see also § 79, j). 157). 

Draw (Fig. 52) the plan of the body (see Problem VII., 
p. 131), preserving of its construction, the centres 0, O', P, P' 
and the several points d and d’ in which tho side and end 
curves meet each other. Join dd', as shown (four ]ilaces) in 
the fig. From the plan we know (see g, p. 129) that dGd 
d'G'd', dBdd'B'd', the ends of tho body are like portions 
of the frustum of an oblique cone; we also know that 
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dAdd' A! d', d^dd' E' d', the sides of the body are like por- 
tions of the frustum of an oblique cone. 

In Plate I. (p. 181), is a representation of the oval unequal- 


Pia. 52. 



tapering body for which patterns are required, also of two 
oblique cones (x and Z). The oblique cones show (except as 
to dimensions) to what portions of their surfaces the several 
portions of the surface of the oval lx)dy correspond. Thus 
the sides, A', of the body correspond to the portion A of cone 
a:, and the ends, B', B', correspond to the B portion cone Z. 

^, The correspondence will be more fully recognised as we 
proceed with the problem. The difference of obliquity 
between B' and B is seeming only, not real ; and arises simply 
from Z being turned round so that the whole of the d Bdd' 
B' d' (Fig. 52) of the cone shall be seen. If the representation 
of Z showed its full obliquity, then the lino on it from l>a8e 
to apex would be the right-hand side line of the cone, and 
only half of the B portion could be soon. 
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Case I. — Patterns when the body is to be made up of 
four pieces. 

It is clear that we require two patterns ; one for the two 
ends, and one for the two sides ; also that the seams should 
correspond with the four lines dJU , where the portions of the 
respective frusta meet each other. 

To draw the j)attern for the to ids. 

Draw separately (Fig. 53) the (t G / (I d' portion of Fig. 52, 
thus. Draw any line XX. Fig. 53, and with any point 0 
(corresponding to 0, Fig. 52 ) in it as c(mtro and 0 G (Fig. 52) 
as radius, deserilie an arc G d equal to G d of Fig. 52. Make 
G 0' equal to G 0' (Fig. 52), and with 0' as centre and 0' G' 
(Fig. 52) as radiu> describe an arc G'd' eijual toG'd' of 
Fig. 52. Joining d d' coinpletes the portion of Fig. 52 required. 
Now divide the arc, ij d into any number of equal parts, here 
three, in the points / and e. At G' and 0' draw G'G", O'O" 
perpendicular to XX, and each equal to tlui given height of 
the body. Join 0 0", G G" ; produce them to their intersection 
in S (§ 80, p. 158) ; and from S let fall S IS' perpendicular to 
XX. Join 0 "(t'. With S' as centre and S'/, S'e, and S'd 
successively as radii, describe afts cutting X X in F, E, and D. 
Join these points to S bylines cutting 0" G" in F', E', and D'. 

Next draw S G (Fig. 54) equal to S G (Fig. 53), and with 
S as centre and S F, S E, and S D (Fig. 53) successively as 
radii describe arcs //, ec, and dd. With G as centre and 
radius equal to G/ (Fig. 53) describe arcs cutting arc ff 
right and left of S G in F and F. With each of these points, 
F and F as centre and same radius describe arcs cutting arc 
e e right and left of S G in E and E. With same radius and 
each of the last-obtained points as centre describe arcs cutting 
d d 1 ight and left of S G in D and D. Join all the points 
right and left of SG to S. With S as centre and SG" 
(Fig. 53) as radius, describe an arc cutting S G in G'. With 
same centre and SF' (Fig. 53) as radius, describe an arc// 
cutting the lines S F right and left of S G in F' and F'. 
With same centre and S E' (Fig. 53) as radius, describe an 
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arc e' e' cutting the lines S M riglit and left of S G in E' and E'. 
Similarly by arc d! d' t)btain points D' and D'. Tlirougli the 
points I), E, E, (J, F, E, D, draw an unbrok(3n ciirvod line. 
Also through points D', E', F', G', F', E', D', draw an unbroken 
cui-ved line. 'I’hen D G D D' G' 1)' will bo the retiuirod pattern 
for tho ends of the body. It is in fact the development of 
the 11 portion of cone Z of Plato I. 

To draw tho pattern for the sides. 

Draw separately (Fig. 55) the A' \hd d' portion of Fig. 62, 
thus. Draw any line X X, Fig. 55, and with any point P 


Fig. 55. 



(corresponding to P, Fig 52) in it as centre and P A (Fig. 62) 
SB radius, describe an arc A d equal to A d of Fig. 62. Make 
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AP' equal to A F (Fip;. r)2) and with P' as centre and F A 
52) as radius describe an arc A' d' otiual to A' d' of 
Fig. 52. Joining d d' coniiJctes the portion of Fig. 62 rof^uired. 
Now divide the arc A d into any number of equal i)arts, lioro 
three, in the points h and c. At A' and P' draw A' A", P' P" 
perpendicular to XX, and jeach equal to the given height 
of tlie body Join PF', A A", produce them to tlieir inter- 
section in Q (§ 80, p. 158) ; and from Q let fall Q Q' porpen- 
di(!iilar to X X. Draw a line through P" A". With Q' as 
centre and Q' 6, Q' c, and Q ' d succ ssively as radii describe 
arcs cutting X X in B, C, and D. Join these points to Q by 
lines cutting that through P" A", in B', C', and D'. 

Next draw Q A (Fig. 56) equal to Q A (Fig. 55), and with 
Q as centre and QB, QC, and Ql) (Fig. 55) successively as 
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radii describe arcs 56, cc, and dd. With A as centre and 
radius equal to A 6 (Fig. 65) describe arcs cutting sro 66 
right and left of Q A in B and B, With each of these points 
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B and B as centre and same radius describe arcs cutting arc 
c c right and left of Q A in C and C. Witli same radius and 
each of the last-nanuHi points as centre describe arcs cutting 
&,Ycdd right and left of Q A in 1) and D. Join all the points 
right and left of QA to Q. With Q as centre and QA" 
(Fig. 55j as radius, describe an arc cutting Q A in A'. With 
same centre, and Q U' (Fig. ^5) as radius, describe an arc h'h 
cutting the lines Q B right and left of Q A in B' and B'. 
Witli same centre and Q 0' (Fig. ,55) as radius, describe arc 
c’c' cutting the lines Q C right and left of Q A in C' and C5 
Similarly by arc d' d' obtain points D' and D'. Through the 
points D, C, B, A, B, C, 1), dr.iw an unbroken curved line. 
Also through the points 1)', C', IV, A', B', C', 1)', draw an un- 
bi’oken curved line. Then T) A D D' A' D' will be the required 
pattern for the sides of the body, and is in fact the develop- 
ment of the A portion of cone x of Plato I. 

Case II — Pattern when the body is to bo made up of two 
pieces. 

In this case the seams are usually made to correspond with 
B B' and G G’ (Fig. 52). It is evident that only one pattern 
is now required, made up of a pattern for the side A' of the 
body (Plate I.) with right and left a half- end (B\ B', Plato I.) 
pattern attached. 

Draw (Fig. 57) a side pattern D ADD'A'D' as described 
in Case J. Produce D Q and make D S ccjual to D S (Fig. 53). 
With S as centre and S E, S andS G (Fig. 53) successively 
as radii describe arcs c, /, and and with D as centre and 
d e (Fig. 63) as radius describe an are cutting arc e in E. 
With same radius and E as centre describe an arc cutting 
arc / in F, and similarly with F as centre and same radius 
find G Join E S, F S,' G S. Now with S E' (Fig. 63) as 
radius and S as centre describe an arc e' cutting S E in E', 
and with S F' and S G" (Fig. 53) successively as radii describe 
arcs /' and g' cutting S F and S G in F' and G'. From points 
D to G draw an unbroken curved line. Also from points D' 
to G' draw an unbroken curved line. Draw the other half end 
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pattern D B B' D' in the same manner ; then G A B B' A' G' 
will be the pattern re(piire(l. 

Case III. — Pattern when the body is to ho made up of one 
piece. 

Wo will put the seams at thy middle of one end of the 
body, say, to correspond with BB' (Fig. 52). We now need 
an end pattern (the end d Cx d d' G' d' in plan), with side 
pattern attached right and left (d E d d' E' d', dAdd'A'd' 
in plan), and attached to ca(di of these a half-enil pattern 
(dB B'd', d H B'd' in plan). For want of space we do not 
give the pattern, hut it is evident from what has just been 
stated, that the pattern will ho double that shown in Fig. 67. 
It will ho a useful exercise and should present no difficulties 
to the student, to himself draw the complete pattern, first 
drawing an end pattern (see Case 1. and Fig. 54) and attaching 
right and left, a side pattern and a half-end pattern. 


PROBLEM XXL 

To draWy without long radii, tliG pattern for an oval unequal- 
tapering body, with top and tase parallel (an oval hath, for 
instance). The height and the dimensions of the top and 
bottom of the body being given. 

This prohlom is a fourth case of the preceding, and will be 
found very useful for both the end and side patterns, the 
radii of which are often of a most inconvenient length. 

To draw the end pattern. 

First draw (Fig. 58) the plan of the end of the body ; that 
is the dGdd'G d' portion of Fig. 62. Divide the arcs G d, 
H* d' each into the same numhei- of < qual parts, here three, in 
me points /, e, /', e' *, join / /', ee\ Through (J dr<»w GH 
lerpondicular to GG' and equal to the given height of the 
iody. From G alqjjg GG' mark off G F, GE, and GD re- 
spectively equal to //', e e\ and d d ' ; join G', F, E and D to II ; 

Q'H, FH, EH, and DH will be the tiue lengths of 
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Q G', //, c e\ and dd' respectively. Next join /G' ; draw 
G' </" perpendicular to/G' and equal to the given height and 
; then f(f may be taken as tlio true leugtli of G' /. 
Similarly join e/', d e\ and through /' and e' draw f'f and 
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e'e’' per^ndicular to/'e and dd respectively, and each equal 
to the given height, and join ey"aiid dd' ; then ef and dd* 
may be taken as the true lengths of e / and d d respectively. 

Next draw (Pig. 59) a lino GG' equal to G' H (Fig. 68) 
and with G' and G as centres and radii respectively equal to 
//and G/(Fig. 58) describe arcs right and left of GG', 
intersecting in / and /. With / right of G, and G' as centres, 
and radii respectively equal to F IT and G'f (Fig. 68) describe 
arcs intersecting in /, right of G'. With / left of G, and G' 
as centres, and radii respectively as before, describe arcs 
intersecting in /, left of G'. With successively / and / right 
and left of G G', as centres and radii respectively equal to 
ef and fe (Fig. 68) describe arcs intersecting in e and e. 
With successively e and /'right and left of G'G as centres 
and radii respectively equal to E H and f d (Pig. 68) describe 
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arcs intorsecting in e' and e' ; and with snoceBsivcly e' and e 
right and loft of (1 G' as contros, and radii respecti vely equal 
tod 6" and ed describe mtorsoeting in d and d. Also 
with successively d and e' as centres and 1) 11 and e' d' re- 
spectively as ladii describe arcs intersecting in d’ and d'. 

Via 59 . 



Through d, e, /, Gf, c, d, draw an unbroken curved lino. 
Also through d', e\f\ G',f\ e\ d', draw an unbioken curved 
line. Join d d', right and loft of G G', then d G d d' G' d' will 
be the end pattern required. 

The lines //', e e\ G'/, /'e, Ac., are not needed in the work- 
ing, they are drawn for the reason stated in § 65, p. 121. 

To draw the side pattern. 

First draw (Fig. 60) the plan of the side of the body ; that 
is the d A d d' A' d' portion of Fig. 52. Divide the arcs A d, 
A' d' each into the same number of equal parts, here three, 
in the points 5, c, h\ c' ; join h h\ c c\ Through A draw A F 
perpendicular to A A' and equal to the given height of the 
body. From A along A A' mark off A B, A C, and A D re- 
spectively equal to cc', and dd'. Join A', B, C and D 
to E ; then M E, B E, C E, and D E will be the true lengths 
of A A', h h\ c c\ and d d' respectively. Next join V A and 
draw Vh" perpendicular to V A and equal to the given height, 
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Join A 6" ; then A V’ may be taken as the tmo lenjrth A V. 
Similarly join c'h and dc; through c' and d draw c'c'\ and 
d d pcr 2 )endicular to c!h and d c respectively, and each 
equal to the given hciglit ; join ^ c'', c tluv. hd and cd' 
may be taken as the true lengths of h d and c d respectively. 


Fig. 60 



Next draw (Fig. 61) a line A A’ equal to A'E (Fig. 60) 
and with A and A' as centres and radii respectively equal to 
A V' and A! V (Fig. 60) describe arcs right and left of A A', 
intersecting in V and V, With h\ right of A', and A as 
centres, and radii respectively equal to B E and A h (Fig. 60) 
describe arcs intersecting in ?>, right of A. With h\ loft of 
A', snd A as centre', and radii respectively as before, describe 
arcs intersecting in h left of A. With successively h and V 
right and left of A A' as centres, and r.idii respectively equal 
<0 h c" and V d (Fig. 60) describe arcs intersecting in c' and c'. 
With successively c! and h right and left of A A' as centres, and 
radii lespectively equal to C E and fe r; (Fig. 60) describe arcs 
intersecting in c and c j and with successively o and c' right 
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ind left of A A! as centres, and radii respectively equal to c d" 
ind c'd' (Fig. 6^») describe arcs intersecting in d! and d’, 
Mbo with successively d' and c. right and left of A A' as 
jentres, and D E and c d respectively as radii describe arcs 


Fig. 6*. 



intersecting in d and d. Through d, c, b, A, 6, e, d, draw an 
unbroken curved line. Also through d\ c\ h\ A^, h\ c\ d'. 
draw an unbroken curved lino. Join dd\ nght and left of 
A A' ; then dAdd' A d' will be the side pattern required. 

The remark about lines ff\ ee\ &c., in (end pattern) 
Fig. 69, applies to lines c c\ h h',lfc\ &c., in the present pattern. 

PKOBLEM XXII. 

To draw the patiem for a tapering body with top and base 
parallel, and having circular top and oblong bottom with 
semicircular ends {teadudtle top, for instance), the dimensions 
of the top and bottom of the body and its height being given. 

Four cases will be treated of ; three in this problem and 
one in the problem following (see also § 79, p. 157). 

Case 1. — Pattern when the body is to be made up of four 
pieces. 

Diuw (Fig. 62) the plan of the body (see Problem VIII., 
p. 132) preserving of its construction the centres 0, O'; the 
points b in plan of bottom where the extremities of the plan 
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JineR of the sides meet the extremities of the plan semicircles of 
tlie ends ; and the jioints 6' in ])lan of ti >p where the sides and 
ends meet in jdan. Join V h at the four corners. The ends 
bBhh' IV b', and b IC b h' E' b' of the body (see p. 129), are 
portions of fnista of ohliqne cones. Makinj^ the body in four 
pieces it will be best that the seams shall correspond with 
the lines A b\ I> H', D h\ and E J^j', then one pattern only, 
consisting of a half-end witli a hall-side pattern attached, 
will be required. 



To draw the pattern. 

Draw separately E' E d 6 h' (Fig. 63), the E' E d & 6' portion 
of Fig. 62, thus. Draw any line X X and with any point 0 
(to correspond with 0, Fig. 62) in it as centre and 0 E (Fig. 62) 
as radius describe an arc (hero a quadrant) Ed 6, equal 
to E d 6 of Fig, 62. Make E 0’ equal to E O' (Fig. 62), and 
with 0' as centre and 0' E' (Fig. 62) as radius describe an 
arc (hero a quadrant) E' h' equal to E’ h' of Fig. 62. Joining 
hV complc3tes the portion of Fig. 62 required. Now divide 
E?> into any number of equal parts, hort3 three, in the points ^ 
d and c. From E' and 0' draw E' E", 0' 0" perpendicular to 
X X and each equal to tlie given height of the body. Join 
E E". GO"; produce them to intersect in P (§ 80, p. 168) ; from 
P let fall P ]*' perpendicular to .X X, and join E" 0". With F 
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as centre and P'd, V^e. and F h sncccKRively afl radii describe 
arcs cutting XX in 11, C, and B. Join these points to P by 
lines cutting 0" E” in D', C', and B' 

fta. 68. 



Next draw (Pig. 64) a line P E equal to P E (Fig. 63), and 
with P as centre, and P D, P C, and P B (Fig. 63) successively 
as radii describe arcs d, c, and h. With E as centre and 
radius equal to E d (Fig. 63) describe an arc cutting arc d in 
D. With same radius and I) as centre describe an arc cutting 
arc c in C, and with 0 as centre and same radius describe an 
arc cutting arc h in B. Join the points D, C and B to P. 
With P as centre and PE" (Fig. 68) as radius descril>e an 
arc a' cutting P E in E'. With same centre and P I)' ( Fig. 63) 
aa radius describe arc d* cutting P D in D'. iSiniilarly 
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witli same centre and P C' and P B' (Fig. 63) successively as 
radii find points (T and B'. Through h' (Fig. 62) "draw F H 
perpendicular to FI) and equal to the given height, and. 
join DH, then Dll will ho the true length of the lino of 
which h' D is the plan, that is, will he the length of a slant 
of the body at the middle of the side, where one of the seams 


Fig. 64. 



will come. With B' and B (Fig. 64) as centres and radii 
respectively equal to DH and 6 A (Fig. 62) describe arcs 
intersecting in A. Through the points E, D, C, and B draw 
an unbroken curved line. Also through the points E', D', C', 
and B' draw an unbroken curved line. Join B A, A B' ; then 
B C A B' E' will be the pattern required. 
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Case II.— Pattern when the hofly is to be made up of two 
pio(!es. 

We will RU])p()so the seams are to correspond with the lines 
BB' and EE'. It is (svident that here we need but one 
]>attern onl\’, which will coinbiiKia side of the body and two 
half-ends, in fact will be double that of Fig. 64. 

First draw B IV IV B (Fig. 65) a half-end pattern exactly as 
the half-end pattern EE'B'B in Fig. 64 is drawn, and with 
B' as centre and B' B as radius and B as centre and h h 
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(Fig. 62) as radius, describe arcs intersocting in F. Join 
BF, FB'; and produce F B' indefinitely. Make F b' equal 
to P B (Fig. 63), and with P' as centre and PC, PE and 
P E (Fig. dB) successively as radii describe arcs c, d, and e. 
With F as centre and h c (Fig. 63) as radius descrihe an arc 
cutting arc c in C, and with C as centre and same radius 
describe an arc cutting arc d in I). With same radiiis and 
B as centre describe an arc cutting arc e in E. Join 
C F, D F, E P'. Now with F as centre and P C' (Fig. 63) 
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as radius describo an arc c' cuttinf^ P' C in C', and with same 
centre and PD', PE" (Fig. 63) successively as radii describe 
arcs d' and < 3 ' roaj)ectively cutting P' D and P'E in D' and E'. 
Through F, C» D, and E draw an unbroken curved line. 
Also through B', C', I)', and E' draw an unbroken curved li»ie, 
•ften B B F E E' B' B' will bo the complete pattern required. 

Case III.— Pattern when the body is to be made up of one piece. 

In this case we will put. the seam to correspond with BB' 
(Fig. 62). We now need an end pattern (the end 6 E 6 F E' F 
in plan), with right and hdt a side pattern attached (i A 6 F, 
hJ)hh' in plan), and joined to each of these, a half-end 
pattern (h F B' B, 5 F B' B in plan). 

First draw Fig. 63 ; then draw (Fig. 66) P E equal to P E 
(Fig. 63) and with P as centre and P D, PC and P B 
(Fig. 63) successively as radii describe arcs d d, c c, and h h» 
With E as centre and radius efpuil to E d (Fig. 63) describe 
arcs cutting arc d d right and loft of P E in D and I). With 
points, D, D, successively as centres and same radius describe 
Arcs cutting arc c e, right and left of P E in C and 0 ; 
and with same radius and the last found points as centres 
describe arcs cutting arc h h I'ight and left of P E in B and B. 
Join all the points found to P. With P as centre and 
P E" (Fig. 63) as radius describe an arc cutting P E in E'. 
With same centre and P D' (Fig. 63) as radius describe an 
arc d’ d' cutting lines PI) right and left of PE in D‘ and 
D', With same centre and P C' (Fig. 63) as radius describe 
an arc c' c' cutting lines PC right and left of PE in 
C' and C'. Similarly by arc FF find points B' and B'. 
Through B, C, D, E, I), 0, B, draw an unbroken curved line. 
Also through B', C', D', E', D', C', B’, draw an unbroken 
curved line. 'I'his gives us BEBB'E'B' a complete end 
pattern. Now with B' on the right-hand side of the 
end pattern as centre and B' B as radius, and B as centre and 
hh (i^g. 62) as radius describe arcs intersecting in F. Join 
B F, F B' ; produce F B' indefinitely, and to F B' attach the 
half-end pattern F E E' B' in precisely the same manner that 
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FEE'B' the half-ond pattern in Fig. 65 is attached to 
the side pattern B F B'. By a repetition of the i’oregoing 

Fia. 6G. ‘ 


£ 



E ' nstruction on the left of the end pattem B E B B' E' B' wo 
n attach B B E E' B' and complete E E E E' E' E' the pattern 
bquiied. 


PROBLEM XXTII. 

To drawy without long radii, ike pattern for a taperhig body 
with top and base pnralMy and kaviny circular top and oblong 
bottom with semicircular ends. The dimensions of the top and 
bottom of the body and its height being given. 

This problem is a fourth case of the preceding, and is 
K/^eedingly useful where the work is so large that it is 
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inc^mvenient to draw the whole of the jdaii, and to use long 
radii. 

To draw the pattern (with the body in four pieces, as in 
Case I. of preceding problem). 

(81.) Diaw (Fig. 67) E' E 6 A F one (juarter of the plan of 
the body. Divide the quadrants E6, E' b\ each into the same 
number of equal parts, here tliree, in the points d, c, d', c ' ; 



join d d', e c\ Through E' draw E' F perpendicular to E' E 
and equal to the given height of the body. From E' along 
E'E mark off E' I), E C, and E'B respectively equal to dd', 
cc', and hV; and join E F, D F, C F, and BF; then EF, 
D F, C F, and B F will be the true lengths of E E', d d\ c c\ 
and h h' respectively. Next join d E', and draw E' e" perpen- 
dicular to it and equal to the given height, and join d e" ; then 
de" may bo taken as the true length of d E', Also join cd* 
and he ! through d'and ddraw d'd" and c’ c" perpendicular to 
c d! and h c' respectively, and each ecpial to the given height, 
and join c d" and h c !' ; then c d" and h e!' may bo taken as the 
true lengths of d' c and c' h respectively. Through 5' draw 
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h’ h" perpendicular to h' A and equal to the given height, and 
join A h", then A h" will bo the true length of h' A. 

Next draw (Fig. 68) E E' equal lo E F (Fig. 67), and with 
E' and E as centres and radii respectively equal to d e" and 
E d (Fig. 67) describe arcs intersecting in d, and with d and 
E' as centre and radii respectively equal hj DF and E'd' 
(Fig. 67) describe arcs intersecting in d'. \\ ith d' and d as 

centres and radii respectively equal to cd" and dc (Fig. 67) 
describe arcs intersecting in c, and with c and d’ as centres 
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and radii respectively equal to 0 F and d' c' (Fig. 67) describe 
aics intersecting in c'. With c' and c as centres and radii 
respectively equal to he" and ch (Fig. 67) d scribe arcs 
intersecting in h. Similarly with h and c' as centres 
and radii ri'spectively equal to B F and c' V (Fig. 67) describe 
arcs intersecting in h\ With 6' and h as centres and radii 
respectively equal to h" A and hA (Fig. 67) describe arcs 
intersecting in A. Through E, d, c, 6, draw an unbroken 
curved line. Also through E', d', c\ b\ draw an unbroken curved 
line. Join F A, 5 A ; then E c A c' E' is the pattern required. 

(82.) The lines dd\ cc\ dE', &c., are drawn in Fig. 68 
simply to show the position that the lines which correspond 
to them in Fig. 67 (dd\ cc\ dE', &c.) take upon the developed 
surface of the tapering body. 
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PEOBLEM XXIV. 

To draw the pattern for a tapering body with top and base 
parallel^ and having an oval bottom and circular top {oval 
canister top, for instance). The height and dimensions of the 
top and bottom of the body being given. 

Again four caHcs will be trcateil of; three in this problem 
and one in the problem following (see also § 7D, p. 157). ' 

Draw (Fig. G9) the plan of the body (see Problem 1X.» 
p. 132), preserving of its construction the centres 0, O', P, P, 
and the lour points (d) wheio the end and side curves of the 

Fig 69. 



plan of the bottom moot one another, 'also the points A'E' whew 
the axis A E outs the circular top. J oin d A' (two places) 
d E' (two places). From the plan wo know (se^^ g, p. 120) 
that dGdA' G' E', d B d A' B' E', the ends of the body, are like 
portions of the frustum of an oblique cone ; we also know 
that d A d A', d E d E', the sides of the body, are like portions 
of the fiustum of an oblique cone. 
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(83.) It is ovident that in this ])roblem the arcs dGd, 
E'G'A' and d'Rd, E'B'A' are, neither pair, proportional 
(§ 67, p. 124). We have hitherto in rrohlcms XVIII., XX., 
and XXII. been dealing with pro})ortioiial arcs. The work- 
man will thereh»ro differ, thongh but slightly, from that of 
• problems mentioned. 

In Plate II, (p. 203) is a representation of the tapering body 
for which patterns are ro(juired, also of two oblicpio cones 
(x and Z). The oblique cones show to what portions of 
their surfaces the several portions of the tapering body 
correspond. Thus tire sides, B', of the body correspond to 
the B portion of cone Z, and the ends, A', correspond to the 
portion A of cone x. The (jorrospondenco will bo more fully 
recognised as wo proceed with the problem. 

Case I. — Pattern when the body is to bo made up of four 
pieces. 

We will suppose the seams are to correspond, with the 
plan lines G(P, BIV, A A', EE', of ends and sides, as in 
Problem XXII. 'I'hon one pattern only, consisting of a 
half-end pattern, with, attached, a half-side pattern will be 
required. 

To draw the pattern. 

Draw (Fig. 70) 8e]>arately G' G/d A' the G' G/d A' portion 
of Fig. 69, thus. Draw any line X X and with any point 0 
in it (oori’cspoiiding to 0, Fig. 69) as centre and OG 
(Fig. 69) as radius describe an arc Gd, equal to Gd of 
Fig. 69. Make G O' equal to G O' (Fig. 69), and with O' as 
centre and O'G' (Fig. 69) as radius describe an arc G'A' 
equal to G' A' of Fig. 69. Joining d A' completes the portion 
of Fig. 69 required Now divide Gd into any number of 
equal parts, here three, in the points / and e. From G' and 
O' draw G' G", O' 0" perpendicular to X X and each equal to 
the given h^ight of the body. Join GG", 0 0'; produce 
to inter.'-ect in S (§ 80, p. 158) ; from S let fall SS' per- 
pendicular to XX, and join 0"G". Now join d to S', by a 
line entting arc G'A' in d', then (§ 68, p. 121, and d, p. 126) 
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d! and d are corresponding points and (§ 67, p. 124) the 
arcs G d, G' d’ are proportional ; GQ'd' d is the plan of a 
portion of an oblique-cone frustum, lying between the same 
generating lines, and d d! A’ is plan of a portion of the same 
frustum “outside the generating line S' d. With 8' as centre 


Fig. 70. 



and S'/, S'e, and S'd successively as radii describe arcs 
cutting X X in F, E, and D ; join these points to 8 by lines 
cutting 0"G" in F', E', and D'. With S' as centre and 
radius the distance between S' and A' describe an arc A' A 
cutting X X in A ; from A draw A A" perpendicular to X X 
and cutting 0" G" in A", and join A" S. 

Next draw any line XX (Fig. 71) and with any point P 
in it /corresponding to P, Fig. 69) as centre and radius PA 
(the radius of arc d A d, Fig. 69) describe an arc A d equal to 
Ad of Fig. 69. Make A A' and AO' respectively equal to 
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A A' and AO' (Fig. 69). Divide Ad into any number of 
equal parts, here three, in the points h and c. From A and 
O' draw A' A", O' 0" perpendicular to XX and each equal to 
the given height of the body. Join A A", PO"; produce 

Fig. 71. 



them to interstfcjt in Q (§ 80, p. 158) ; from Q let fall Q Q per- 
pendicular to XX, and join 0"A". With Q' as centre and 
Q' b, Q' c, and Q ' d successively as radii descrilje arcs cutting 
X X in B, C, and D, and join these points to Q. 

Next draw (Fig. 72) a line S G equal to S G ^Fig. 70) and 
with S as centre and SF, SE, and SD (Fig. 70) successively 
as radii describe arcs /, e, and d. With G as centre and 
radius equal to G / (Fig. 70) describe an arc cutting arc / in 
F. With same radius and F as centre describe an arc cutting 
arc e in E, and with E as centre and same radius describe an 
arc cutting arc d in D. Join the points F, E, and D to S. 
With S as centre and SG" (Fig. 70) as radius describe an 
arc catting S G in G'. With same centre and S F' (Fig. 70) 
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as radius describe arc cutting S F in F'. With same centre 
and S E' (Fig. 70) as radius describe an arc e' cutting S E in 
E', and with same centre and S D' (Fig. 70) as radius describe 
arc d' cutting S I) in D'. With same centre and S A" (Fig. 70) 
as radiu6 describe arc a\ and with D' as centre and radius d’ A! 
(Fig. 70) describe an arc iiitorsecting arc a' in A'. Make 
DQ equal to 1)Q (Fig. 71) and with Q as centre and QO, 


Fig. 72. 



Q B, and Q A (Fig. 71) successively as radii describe arcs c, 
and a. With D as centre and d c (Fig. 71) as radii describe ah 
arc cutting arc c in 0, and with C as centre and same radihfi 
describe an arc cutting arc h in B. Similarly with sam^ 
radius and B as C(3ntre find point A. Join A A'. Through 
the points G, F, E, D, C, B, A draw an unbroken cufved 
line. Also through the points G', F', E', D', A' draw an un- 
broken curved line. Then GDAA'E'G' is the patte]ft 
required. 
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Case Il.—Pattern when the body is to be made up of two 
pieces. 

We will suppose the seams are to correspond with the lines- 
GG’ and BB'. It is evident that here we need but one 
pattern only, which will combine a side of the bodyW two 
half-ends, in fact will be double that of Fig. 72. 

First draw B DA' B' (Fig. 73) a half-end pattern exactly 
as the half-end pattern GD A'G’ in Fig. 72 is drawn, and 
make DQ equal to DQ (Fig. 71). \wth Q as centre and 

Fig. 73. 



QC, QB, and QA (Fig. 71) successively as radii describe 
arcs d d, c b 6, and a a. With D as centre and radius equal 
to dc (Fig. 71) describe an arc cutting arc cc in C, and with 
Sftme radius and 0 as centre describe arc cutting arc b b in B. 
Wi|h B as centre and same radius describe an arc cutting arc 
ifc in A* and with same radius and A as centre describe an 
cutting arc bb in B. Similarly with same radius and 
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points B and C, to tlie right of A, successively as centres find 
points C and D. Join D Q and produce it indefinitely ; make 
D S' equal to S D (Fig. 70). With S' as centre and 8 E, S F, 
and S G (Fig. 70) s’lccessivcly as radii describe arcs e,/, and 
g, and i^ith D as centre and d e (Fig. 70) as radius describe 
an arc cutting arc e in E. iVith same radius and E as centre 
describe an arc cutting arc / in F. Similarly with F as 
centre and same radius find point G. Join the points E, F, 
and G to S'. With S' as centre and S D' (Fig. 70) describe 
arc d' cutting S' D in E'. Witii same centre and SE' (Fig. 
70) as radius describe arc e' cutting S' E in E'. Similarly 
with same centre and S F' and SG" (Fig. 70) successively as 
ladii find points F' and G'. Through the poitits D, C, B, A, 
B, 0, D, E, F, G, draw an unbroken curved line. Also 
through points A\ D', E', F', G' draw an unbroken curved 
line. Then B A G G' A B' is the complete pattern required. 

Case 111. — Pattern wlien the body is to be made up of one 
piece. 

In this case wo will put the seam to correspond with G G 
(Fig. 69). We now need an end ))attern (the end d B d A 
B' E' in plan), with right afid lolt a side pattern attached 
(d A d A', d E d E' in plan), and joined to each of these a half 
end pattern (d A' G' G, d E' G' G in plan). 

First draw Figs. 70 and 71 ; then draw (Fig. 74) S G equal 
to S G (Fig. 70), and with S as centre and S F, S E, and S D 
(Fig. 70) successively as radii describe arcs//, ec, and dd. 
With G as centre and radius G / describe arcs cutting arc// 
right and left of S G in F and F. With points F, F, succes- 
sively as centres and same radius describe arcs cutting arc ee 
right and left of S G in E aiid E, and with same radius, 
and the last found points as centres describe arcs cutting 
arc d d right and left of S G in D and D. Join all the points 
found to S. With S as centre and S G" (Fig. 70) as radius 
describe ati arc cutting SG in G'. With same centre and 
S F' (Fig. 70) as radius describe an arc /'/' cutting lines 
SF right and left of SG in F' and F'. With same centre 
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and S E' (Fig. 70) describe an arc d e' cutting lines S E 
right and left of S G in E' and E', and with same centre and 
SD' (Fig. 70) as radius describe arc d' d! cutting linos ST) 
right and left of S G in D' and D'. With S as centre and D' 
right and left of S G as centres and radii respectively equal 
to S A" and d' A' (Fig. 70) describe arcs intersecting in A' 
and E'. Through D, E, F, G, F, E, D, draw an unbroken 
curved line. Also through E( D', E', F', G', F', E', D', A', draw 


Fig. 74. 



S 


an unbroken curved line, and join D E', D A'. This gives us 
D G D A' G' E' a complete end pattern. Now attach the side 
pattern D A D A' and the half-end pattern D G G' A' to the 
right and left of the complete end pattern we started with, 
in precisely the same tnanner that the side pattern D A I) A’ 
and half-end pattern D G G' A' in Fig. 73 is attached to D A', 
which corresponds to D A' in Fig. 74. This will complete 
G B G A G G' G G' the pattern required. 
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PROBLEM XXV. 

To draWf without long radii, ihe pattern for a tapering body 
mth top and Imee parallel, and hamng an oval bottom and 
circular top. The height and dimentnons of the top and base 
of the body being given. ' 

This problem is a fourth case of the preceding, and is 
exceedingly usoful where the work is so large that it is 
inconvenient to draw the whole of the plan, and to use long 
radii. 

To draw the pattern (with the body in four pieces, as in^ 
Case 1. of preceding problem). 

(84.) Draw (Fig. 75) ! dbAA'd' E' one quarter of theq)lan 
of the body. Join c (the point where the end and side curves 

Pio. 75. 
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of the plan of the bottom meet) to A\ the extremity oflhe 
quadrant E A'. We ujust now get at corresponding points in 
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the arcs E c, E' A'. To do this, as the arcs are not propor- 
tional (§ 67), we must find the plan of the apex of the 
oblique cone of a portion of which E A’ E' is the plan. It 
is in the finding of these points that our prescjnt working 
differs from the working of Problems XIX., XXL, XXIIL,and 
XXVIL, where the corresponding points d d\ cc (Pigs. 50, 58, 
60, and 82) are found. With radius 0 E prodiuio arc E c inde- 
hnitely, and through 0 draw OQ perja'iidiciilMr to E'E and 
cutting E c produced in Q. Then E Q is a quadrant, and E Q, 
E' A (each a quadrant) are proportional. In Q and A' therefore^ 
we have corresponding points (§ 68), as well as in E and E', 
which are points on the longest generatinglirio (5, p. 126) ; and 
the intersection of GO' produced, of which E E' is part, and 
Q A joined and produced will give us V, the requir* d ].lan 
of the apex. Next (iivide E c into any number of equal parts, 
here two, in point d. Join d V, c V cutting E' A' in d’ and c', 
respectively (the lines from d and c are not carried to V in 
the tig.), then d and d\ c and c' arc corresponding jxjints. 

Next through E' draw E'E perjxjndienlar to E'E and 
equal to the given height; from E' along E'E mark off 
E'D, E'O, respectively equal to dd'and 6*c', and jojtj EF, 
D F, and C F ; then E F, D F and C F will he the true 
length^ of E E', d d\ and c c'. Join E d' and d c ; through d' 
and c' draw d' d" and c' c" perpendicular to d! E snd d d re- 
spectively, and each equal to the given heiglit, and join 
E d", d c" ; then E d" and d c" may be taken respectively as 
the true lengths of d'E and c'd. Now divide arc Ac into 
any number of equal paris, hero two, in the point 6, and join 
hA!; through A' draw three lines A A"; one perpendicular 
^ A' c, the second perpendiculai- to A' 5, and the third per- 
pendicular to A' A, and each equal to the given height, and 
join c A", 6 A", and A A" ; then c A", h A", and A A" may be 
taken as the true lengths of A' c, A' 5, and A' A respectively. 

Next draw (Fig. 76) E E' equal to EF (Fig. 75), and with 
E aSd E' as^centres and radii respectively equal to E d" and 
& rf^ig. 75 , de-cribe arcs intei sooting in d\ and with d' and 
E as centres and radii res[)octfully equal to D F and E d 
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(Fig. 76) describe arcs intersecting in d. With d and d' as 
centres and radii re8{)ectively equal to d c” and d’ c’ (Fig. 76) 
describe arcs intersecting in c\ and with c' and d as centres 
and radii respectively equal to CP and dc (Pig. 76) de- , 
scribe ai\58 intersecting it* c. With c and c' as centres and 
radii respectively ec^ual to c‘A" and c'A' (Fig. 75) describe 

Fio. 76. 



A' 


arcs intersecting in A', and with A' and c as centres and radii 
6 A" and cb (Fig. 75) describe arcs intersecting in b. Simi- 
larly with A' and b as centres and radii respectively equal to 
A A" and 6 A (Fig. 75) describe arcs intersecting in A. 
Join A A'. Through E, d, c, 6, A draw an unbroken curved 
line. Also through E', d\ c\ A' dra'V an unbroken curved 
line. Then E c A A' E' is the pattern required. 

The lines d d\ c c\ E d\ d c\ &c., are not needed for the 
working, they are drawn for the reason stated in § 82, end 
of Problem XXIII. 

(85.) IfV is inaccessible, corresponding points d, d' 
can thus be found. From the point E' along the arc E’ A' 
set off an arc proportional to the arc E c in the following 
manner. Join 0 c (line not shown in fig.) and through O' 
draw O'c’ (also not shown in fig.) parallel to Oc and 
cutting arc E'A' in c'; then arcs E'c'and Ecwill be pro- 
portional. (The student must particularly notice this 
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Drawings vrom Models in South Kensington Museum. (^Part of Exh^it by the Author at the Inventions Exhibition, 1885.) 
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method of drawing proportional arcs. It is outside the scope 
of the book to prove the method.) Now divide arcs E' c\ 
Be each into the same number of equal parts, here two, in 
the points d and d ! ; then d, d! and c, c' are corresponding 
pointSi 

PROBLEM XXVI. 

To draw the pattern for a tapering body with top and lose 
parallel^ and having oblong bottom with round (quadrant) 
comer$, and cirmlar top. The dimmsiom of the top and 
base of the body and itn height being given. 

Again four cases will be treated of, three in this problem, 
and one in the problem following (see also § 79, p. 157). 

Draw (Fig, 77) the plan of the body (see Problem X., 
p. 183) preserving of its construction the centres 0 O' and the 



points B' B' where the flat sides and flat ends meet the circle 
the top. Join B B', E E' each in four places. From the 
pUn we know (see g, p. 129) that the round corners of the 
bdi^ are portions of frusta of oblique cones. 
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(86.) Looking at the plan, we can at once see that what 
we have to deal with differs somewhat from what has as yet 
been before ns. Hitherto a line passing through the centres 
of tlie plan arcs bisected the arcs, and the cone development 
was consequently identical each side of a central line. In 
Fig. 77, however, the line ' drawn through 0 O' does not 
bisect the plan arcs E B, E' B'. This affects the working 
but little, as will be seen. 

In Plate III. (p. 213) the tapering body is represented ; 
also an oblique cone Z, the A portion of which corresponds 
to the A! portion of the body, and the development of the 
former is the development of the latter. 

Case L— Pattern when the body is to be made up of four 
pieces. 

We will suppose the seams to correspond with the plan 
lines 0 E', D E', F B', A B', of ends and sides, as in Problems 
XXII. and XXIV. just preceding. Then one pattern, com- 
prising a 'half-end, a complete corner, and a half-side, will 
he the pattern required. 

To draw the pattern. 

Draw separately (Fig. 78) an E E', B' B portion of Fig. 77, 
thus. Draw an indefinite line S' d (Fig. 78), and with any 
point 0 (corresponding to 0, Fig. 77) in it as centre and 0 B 
(Fig. 77) as radius describe an arc B E. Join 0 O’ (Fig. 77) 
and produce it cutting arc B E in d ; make d B and d E (Fig. 
78) equal respectively to d B and d E (Fig. 77). Now (Fig. 
78) make d O' equal to d O' (Fig. 77 ), and with O' as centre and 
O' B' (Fig. 77) as radius describe an arc B' E'. Wake d' B' and 
d' E' equal respectively to d'B' and d' E' (Fig. 77). Joining E E', 
B B' completes the portion of Fig. 77 required. Now divid^. 
(Fig. 77) B E into any number of parts. It is convenient.^' 
take d as one of the division points, and to make d e equal 
to d E ; leaving c B without further division, thus making 
the division of B E into tliroo portions not all equal In 
actual practice the dimensions of the work will suggest the 
number of parts expedient. Now (Fig. 78) make dc equal 
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toe?c(Fig. 77), then BE (Fig. 78) will he divided corre- 
spondingly to BE (Fig. 77). Draw XX parallel to S'd; 
and at d and 0 draw dD, OQ pcrpendicnkr to S'd; and 
meeting X X in D and Q; also through d’ and O' draw d'D', 


Fio. 7^ 



O' 0" perpendicular to S' d ; the line O' 0" cutting X X in Q'. 
Make Q' 0" equal to the given height of the body, and draw 
0''D| parallel to XX. Join DD', QO"; produce them to 
inteiieot in S (§ 80, p. 158) ; and from S let fall a [)erj)en- 
dibular t) S' d, cutting S' d in S'. With S' as centre and S' E, 
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or S' c (which is equal to S E) and S' B Kiiocessively as radii 
describe arcs cutting S' d in e and /. Draw e C, / F perpen- 
dicular to X X and (jutting it in 0 and F ; ab^o join 0 S, F S, 
cutting 0" D' in C' and F'. 

Noxtrdraw SD (Fig. 79) equal to SI) (Fig. 78), and with 
S as centre and SC, SF'(Fig. 7Hj Huccessively as radii 


Fio. 79. 



describe arcs c and h. With D as centre and radius eqiiBl 
to dE (Fig. 78) describe arcs ontting arc cc in E a»d C? 
With C as centre and radius cB (Pig. 78) describe an nm 
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cutting arc h in B. Join E, 0, and B to S. Mako S D' equal to 
SI)' (Fig. 78) and with S as centre and S (J' (Fig. 78) as radius 
describe an arc e'e' cutting S E and SO in E' and 0' respec- 
tively. With same centre and S F' (Fig. 78) as j adiiis describe 
an arc V cutting S B in B'. Through E, I), 0, and B draw an 
unbroken CTirved line. Also through E', 1)', O', and B' draw 
an unbroken curved line ; this will complete the pattern of 
the round corner. To attach the half-end and half-side patterns 
to EE' and BB' respectively, the true lengths of E'D and 
B' A (Fi'j:. 77) must be found. Draw (Fig. 77) E' II perpen- 
dicular to E' D and ocpial to the given height of the body ; 
join D H, then D II tho true length of E' D. The linos 
B' E and B' A being equal, their true lengths are equal, we 
will theref(»ro for convenience find the true length of B' A 
in that of B' F. Draw IV G peri)endicular to B' F and equal 
to the given height, join F 0, then F G is tho tme length 
required. Now with E' (Fig. 79) as centre and D H 
(Fig. 77) as radius, and E as centre and radius EIJt{Fig. 77) 
describe arcs inicrsecting in G. Join E G, G E' ; thi^ 
attaches to E'E the half-end pattern. With B' (Fig. 79) 
as centre and F G (Fig. 77) as radius, and B as centre and 
radius BA (Fig. 77) describe arcs intersecting in A. Join 
B A, A B' ; this attaches to B’ B tho half-side pattern. Then 
A B' E' G is the complete pattern required. 

Case II. —Pattern when the body is to be made up of two 
pieces. 

Here it will be best that the seams shall correspond with 
the lines A B', F B', that is with the middle of each side. 
The required patteru will then be' double that of Case I. 

Draw (Fig. 80) EBB'E', the corner pattern, in exactly 
the same mannei that E B B'E' (Fig. 79) is drawn. With 
E'as centre and E'E as radius and E as centre and EE 
(Fig. 77) as radius describe arcs intersecting in F. Join 
E F, F B’. Produce F E' indefinitely and make F S' equal to 
ES. ^TJsing 8' as centre, the round corner FGB'E' can be 
drawn as was E B B' E. Witli B' as centre and F G (Fig. 77) 
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as radius, and B as centre and B A (Fig^ 77) as radius de~ 
scribe arcs intersecting in A. Similarly with B' and G as 


Fig. 80. 



centres and same radii respectively describe arcs intersecting 
inF. Join B A, AB', GF, FB', then ADFFB'E'B' will 
be the pattern required. 

CisE III.— Pattern when the body is to be made up of one 
piece. 

We will suppose the seam to correspond with 0 E' the 
middle of one end. Draw GF D BB' E' B' (Fig. 81) m the 
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same manner that G F D B B' E' B' (Fig. 80) is drawn. With 
B' as centre and B’ B as radius, and B as con fro and B B 
(Fig. 77 ) as radius describe arcs iTitersecting in A. Join 
BA, A B' ; pr- duce A B' indefinitely. Mak(‘ A P equal to 
SF (Fig. 78). With P as centre and SC and Si) succos- 


Fig. 81 . 



sively as radii dosoribe arcs h and I, and with A as centre 
and Be (Fig. 78) as radius describe an arc cutting arc k in 
H. With H as centre and cd (Fig. 78) as radius describe an 
arc cutting arc 2 in L ; and with L as centre and same radius 

p 2 
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describe an arc cutting arc It in M. Join H, and M to P. 
With P as centre and S C' (Fig. 78) as radius describe arc h* 
cutting PH and PM in IP and M' respectively. With 
same centre and SD' (Fig. 78) as radius describe arc T 
cutting P L in L'. Through the points A, H, L, M draw an 
unbroken curved line. Also through the points 
diaw an unbrolo ii curved lino. With M' as centre and D H 
(Fig. 77) as radius, and M as centre and EC (Fig. 77) as 
radius describe arcs intersecting in N. Join MN, NM'. 
Eepeating the working to the hft of B'G, the GOO'B* 
portion of the pattern can be drawn which completes the 
pattern required. 


PKOBLEM XXVII. 

To draw, without long radii, the ^tattern for a tapering hodg 
with top and ha^e jHirallely and having oblong bottom with 
round quadrant corners^ and circular top. The.dtmensione 
of the top and hoee of the body and its height being given. 

This problem is a fourth case of the preceding, and is 
exceedingly useful whore the work is so largo that it is in- 
convenient to draw the whole of the plan, and to use long 
radii. 

To draw the pattern (with the body in four pieces as in 
Case I. of preceding problem). 

Draw (Fig. 82) Ech Ab'c'cT, one quarter of the plan of; 
the body. Divide the arc (quadrant) d h into any number 
of equal parts, hero two, in the point c, and the arc d' 5' into 
the same number of equal parts in the point c' ; and join ed* 
Through d' draw d! F perpendicular to ^ E and equal to 
given height of the body. From d' along d' E marlt oflP B, 
equal to b 5', and d! D equal to c c' and d d (which two lines 
have happened to come in this particular fig. scr neatly 
equal that we may take them as equal), and join B F, EF| 
and D F ; then B F and E F will be the true lengthy of h F 
and Ed' respectively, and DF may be taken as the true 



PLATE m. (see p. 206 )l 
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length of both c c' and dd\ Next join c'd, h'c; draw c' c", 
V h" perpendicular to c' d, Vc respectively, and each equal to 
the given height ; and join d c" and c 6" ; then d c", c 6" may 


Pio. J 82 . 



be taken as the true lengths of d d and V c respectively. 
Draw Vb" perpendicular to 6' A and equal to the given 
height, and join A then A 6" is the true length of 6' A. 

Next draw (Fig. 83) d d! equal to D F (Fig. 82), and with 
d and d' as centres and radii respectively equal to d d' and 
d'd (Fig. 82), escribe arcs intersecting in c'. With d and 
d as centres, and radii respectively equal to DF and dc 
(Fig. 82) describe arcs intersecting in c ; and with c and d 
as centres and radii respectively equal c 5" and d V (Fig. 82) 
describe arcs intersecting in h ' ; also with h' and c as centres 
and radii respectively equal to B F and ch (Fig. 82) describe 
arcs intersecting in 6. With d’ and d as centres and radii 
respectively equal to EF and dE (Fig. 82) desciibe arcs 
intersecting in E; and with 6' and h as centres arid radii 
respectively equal to h" A and 6 A (Fig. 82) describe arcs 
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intersecting in A. Through d, c, 6, draw an unbroken curved 
line. Also through d\ c\ h' draw an unbroken curved line. 


Pig. 83. 



Join dE, d'E, hA, and 5' A; then EcAh'd' is the pattern 
required. 

The lin^ cc\hh\&c., are not needed for the workhig, 
they are drawn for the reason stated in § 82, end of Problem 
XXIII. 


PROBLEM XXVIII. 

To draw the pattern for an Oxford hip-bath^ the like dimemom 
to time for Problem XL heimj given. 

It is only necessary to treat of two cases, one in this 
problem, and one in the problem following (see also § 70, 
P.i5r). 

Draw (Fig. 84) the plan of the body (see Problem XL,p. 134), 
preserving of its construction the centres 0, P', P, Q', Q ; the 
points D, D' (two sets) in which the arcs, in plan, of th«i 
back and sides meet each other ; and the points tf (two 
sets) in which the plan arcs of the sides and front meet each 
other. Join k g' (two places) as shown in the fig. Examining 
the plan of the bath wo see (d, p. 66) that the bock of it, 
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B A D B' A' 1)', is a poriion of a right cone ; that the sides 
DD' g'h are (. 7 , p. 12J) each of them a portion of an ohlicpie 
oone; and that the portion hg'g'h is also a portion of an 



oblique cone. Similarlv as in Prolilem XXIV. (§ 83, p. 193) 
the arcs D ft, D’ff' mi Bh, B'<j' are, neither pair, propor- 

In Plate IV. (p. 227) is a representation of an Oxford hip- 
bath, also of a right oone and two oblique cones Y and Z 
^he cones show to what portions of their surf^es thosovoral 
portions of the bath correspond. Thus the back, A , of the 
bath eonesponds to the A iKirtion of right cone » ; the half- 
frimts, C, of the bath correspond each ol them to the t 
pertton of oblique oone T, and the sides B, of the toth 
ootrespond each of them to the B portion f ^ 

Patterns when the body is to bo made np of three 


pieoeSs 

We will put 


the seamh to correspond with the linos DD' 
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(two places), and B B'. Clearly, only two patterns will be 
required, one for the back of the bath, and the other for 
a complete side and a half-front. 

To draw the pattern for the back. 

DrawJEA A'0'0 (Fig. 85) the elevation of the back (see 


Fio. 85. 



Problem XL and Fig. 24a, p. 135) and produce A A', 00' to 
intersect in 0". W ith 0 as centre and 0 A as radius describe a 
quadrant A D (corresponding with A D, Fig. 84), and divide 
it into any number of equal parts, here three, in the points 
b and c. Draw cC, 5B perpendicular each of them to AO 
and cutting it in points B and 0. Join 0"C, and produce it 
to cut OE in C ; and through C' draw C' C" parallel to A 0 
and cutting 0’ E in C". Join 0" B and produce it to cut 
0 E in B' ; and through B' draw B' B" parallel to A 0 and 
cutting in B". Then AO" is the true length of 00*1 
and A B" the true length of B B' 
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Next draw (Fig. 86) 0"A equal to 0"A (Fig. 85), and 
with 0" as centre and radius 0" A describe an arc 1) A D, and 
with same centre and 0" A' (Fig. 86) as radius describe an 


Fig. m. 
E 



arc D'A'D'. Mark off, right and left of A, AB, BC, and 
CD, each equal to A 6 (Fig. 85), one of the equal parts into 
which the quadrant A D is divided. Join D O', C 0”, B 0'^ 
right and left of A 0", and produce 0" A, 0" B, 0" 0 indefi- 
nitely. Make A E equal to A E (Fig. 85) ; B B" equal to 
AB" (Fig. 86); and CC" equal to AC" (Fig. 85); and 
through D, C", B", E, B", C", D, draw an unbroken curved 
line. Then D E D D' A' D' is the required pattern for back 
of bath. 

To draw the pattern for a side and a half-front. 
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Draw separately D' D fh g’ (Fig. 87), the D' D portion 
of Fig. 84, thuB. Draw any line X X and with any point Q 
(to correspond with Q, Fig. 84) in it as centre and (same 


Fig. 87. 



fig.) Q D (the D on the further side of A B) as radius desoxi^ 
an arc D h equal to D A of Fig. 84. Make D Q' equal to D 
(Fig. 84), and with Q' as centre and Q'D’ (the further D', 
Fig. 84) as radius describe an arc D' equal to D' (f of Fig. 84. 
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Joining completes the portion of Fig 84 required Now 
from P’ and Q' draw D' D", Q' Q" perpendicular to X X and 
Zh iual to the given height of tl>e D B D portion of the 

bath-^Join DP", QQ": v''T'tVxX^ 

r«80 p 168); and from Slot fall SS porpcndiculor.to X X. 

Join ’s^n’, and produce it to ciil arc P h in g, then g and g 
equal parts, here three, in the points a and/. Join Q D • W 

TJlnZs Q" P", prod«ca<l. in FA F', ^ J “ 

centre and S' ft as radius dcscriho an arc cutting X X in , 

““^Nert^dfaw separately B'B7./ (rig- 88)%°^ 
B-iWnortions of Fig. 84, thus. Praw any line XX and 


Fio. 88. 
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B' g' equal to B' g' of Fig. 84. Joining h g' completes the por- 
tion of Fig. 84 required. Now from B' and F draw B' B", 
F F' perpendicular to X X and each equal to the given 
height of the DBD portion of the bath. Join BB", PF'; 
produce^ them to intersect in R (§ 80, p. 158) ; and from R 
let fall R R' perpendicular to X X. Join R' A, cutting arc 
B'^' in h\ then h and A' will bo corresponding points. 
Divide B A into any number of equal parts, here two, in the 
pointy. Join F'B". “With R' as centre and R'y and R'A 
successively as radii describe arcs cutting X X in J and H , 
join these points to R by lines cutting P" B" in J' and H'. 

Next draw (Fig. 89) a line D S equal to D S (Fig. 87). 


Fig. 89. 



With 8 as centre and SB, S F, S G, and S H (Fig. 87) Buooes*' 
sively as radii describe arcs e, /, g, and A. With D as centre 
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and radius equal to D 6 (Fig. 87) describe an arc cutting arc 
e in E, and with same radius and E as centre describe an arc 
cutting arc /in F. With F as centre and same radius de- 
scribe an arc cutting arc <7 in G, and with G as centre and 
radius gf ft (Fig. 87) describe an j^rc cutting arc \ in H. Join 
the points E, F, and G (not H) to S. Make SD' equal to 
SD" (Fig. 87); and make SE', SF', and SG' respectively 
equal to SE', S F', and SG' (Fig. 87). Through the points 
D, E, F, G, H draw an unbroken curved line. Also through 
points D', E', F', Q' draw an unbroken curved lino, and join 
H G'. This completes the side pattern, to which we have 
now to attach, at H G', a half-front pattern. With H and G' 
as centres and radii respectively equal to HH' and / A' 
(Fig. 88 ) describe arcs intersecting in H'. Join H H' ; pro- 
duce it indefinitely and make 11 R equal to II E (Fig. 88 ). 
With K as centre and E J, E B successively as radii describe 
arcs^’ and 6 . With H as centre and A/ (Pig. 88 ) as radius 
describe an arc cutting arc j in J, and with same radius and 
J as centre describe an arc cutting arc h in B. Join the 
^points J and B to E, and make R J' and KB' respectively 
equal to R J' and R B" (Fig. 88 ). Through H, J, and B draw 
an unbroken curved line. Also through 11', J', and B' draw 
an unbroken curved line. Then DFHBB'G'D' is the 
complete pattern required. 


PROBLEM XXIX. 

To draw, without long radii, the pattern for an Oxford 
hip-hath ; given dimensions as before. 

This problem is a second case of the preceding. 

Patterns when the body is to be made up of three pieces 
with seams as in the preceding problem. 

To draw the pattern for the back. 

Draw E A A' 0' 0 (Fig. 90) the elevation of the bac^ 
Fig. 86 , and produce O'O. With 0 as centre 
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radius describe a quadrant AD (^corresponding with AD, 
Fig. 84), and divide it into any miiqber of equal parts, here 
three, in the points h and c. Join i 0, c 0, and with 0 as 
centre and radiu>$ O'A' describo a quadrant D'A" (corre- 
sponding with D' A', Fig. 84), and cutting lines D c, 0 & in 
c' and V respectively. Then D D' A" A will bo the plan of 
that portion of the back of the bath of which 0' A'OA is the 
elevation. Through h and c draw h B and c C perpendicular 
to 0 A ; and through V and c' draw h' B' and c' C' porpondi- 
cular to 0' A'. (Here part of h' B' happens to coincide with 


Fia. 90. 



part of c C). Join B' B, C' C, and produce them to meet 0 B 
in B" and C" respectively. Through C" draw O'' c" paralld 
to 0 A, and through B" draw B" h" parallel to 0 A; Throu^|i' 
D’ draw D' D" perpendicular to D' D and equal to tlif^lHtf 
height of that portion of the bath, and join D D"^ ^en 
will be the true length of D' D. Join D c' ; through d 
c'F perpendicular to c'D and equal to the given height, 
join D P, then D P may be taken as the true length of 
, In drawing the pattern, we will first set out that 
/WitO' A' portion of the baok, and then attach to 
sively Jot the 0 E A portion. It is evident that the 0 imm 
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irtion iii half a right cone fmetum, and therefore its patterif 
n be drawn (see Problem VIIL, p. 41), thus. Draw (Fig, 01) 
line D D' (the line D D' left of E A') equal to D D" (F;g. 
10). With D and D' as centres and radii respectively equal 
bo DF and D'c' (Pig. 00) describe arcs intersecting in c\ 
With D' and D as centres and liidii respectively equal to 
pDF and Dc (Fig. 90) describe arcs intoisecting in c. To 
pn .l points h and b' proceed as just explained and with the 
llaine radii, but c and c' as centres instead of D and D'. 


Pig. 91. 
JS 



Ifeimilarly to find A and A', and the points h and h\ &c., on the 
pght-hand side of A A'. Through the points D', c\ h\ A', h\ 
D’ draw an unbroken curved line. Also through D, c, 6, 
^ 5, c, J ' draw an unbroken curved line, and join D D'. This 
Eoinplotos th^ pattern for the 0 A O' A' portion of back of 
to which we have now to attach, at DAD, the pattern 
Ew the O E A portion. Join A' A ; produce it indefinitely 
m Jeo A E equal to A E (Fig. 90). Next join, right and 
of . *A', 6' 6, e'e, and produce them indefinitely; make 
", right and left of A A^ equal to A 6" (Fig. 90). Also 
sc", riffht andieft of to A c" (Pig. 5P)» , 
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(througli the points D, c", V, E, b", e\ D draw an unbroken 
curved line ; then D E D D' A' D' is the complete pattern 
required. 

To drav^r the side and hali-front pattern. 

Draw separately (Fig, 92) the BADD'f^'B' j)ortion of 
Fig. 84, that is, the plan, of a side and half-front of the bath 
Join hg' (as was done in Fig. 84). Wo now have to get at 
corresponding points in the arcs D /*, D' g\ and also in the arcs 
hB, g'B, We do this by the method given in § 85, p. 202, ' 


Fie. 92. 



thus. Join Q' sf and through Q di-aw Q g jiarallel to and 
cutting arc DA in </; then the arcs Dj? and D'/;' will be the 
proportional. Now divide arc D into any number of equal 
parts, here two only to avoid confusion, i» the point «, and 
divide the arc D' g* into two equal parts in ihe point e’ ; then 
e,e* and g,g' are corresponding points. Next join PA and 
through P' draw F h' parallel to P A and cuttingarc B' in h\ 


PLATE IV. (8ee p. 217). 



iAMTSQB FROM MoRSLS IN SOUTH KENSiNGTOlf Musedm. (Par# o/ ExfMt by the Author at the Inventions Exhibition^ 
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parts, here two, in the points / and f respectively ; then /,/ 
and h, h' are corresponding points. Join e e\ g g\ //, and h li!. 
Through B' draw B' A perpendicular to B' B and equal to the 
given height of that portion of the bath ; and from B' along 
IV B mark off B' F, B' H, B' G, and B' E respectively equal to 
/ h h\ g g', and e e'. Join B A, F A, II A, G A and E A ; 
then BA, F A, H A, GA, and E A will be respectively the 
true lengths of B B', / fj h h\ g g\ and e e\ Join /' B, fc'/, c' gf, 
and D'e; through f draw /'/' perpendicular to /'B, and 
equal to the given height, and join B/', then B/" may be 
taken as the true length of /'B. Through A', e', and D' 

draw /*' A", g' g'\ c' c", and 1)' D", perpendicular to A'/, g' A, e' g, 
and D'fl respectively, and each equal to the given height; 
also draw D' D" perpendicular to D D' and equal to the given 
height; and join /A”, hg'* ge*\ eD", and DD”; then /A”, 
A g e", e D", and D D" may l)e taken as the true lengths 
of A'/, g' A, e' g, D' e, and D'D respectively. 


Fio. 93. 



Next draw (Fig. 93) BB' equal to BA (Fig. 92), and with 
B and B' as centres and radii respectively equal to Bf and 
B' /' (Fig. 92) describe arcs intersecting in/, and with / and 
B as centres and radii respectively equal to P A and B f 
(Pig. 92) describe arcs intersecting in /. With / and ^ as 
n eqnal to/ft" aud/’A' (?/ 92) 
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describe arcs intersecting in h\ and with V and / as c^tres 
and radii respectively equal to HA and /ft (Fig. 92) describe 
arcs intersecting in ft. With ft and ft' as centres and radii 
re&pectively equal to ft f and ft' / (Fig, 92) describe arcs inter- 
secting in f/, and with g' and ft as centres and radii respectively 
equal to G A and hg (Fig. 92) describe arcs intersecting in 
g. With g and g* as centres and radii respectively equal to 
and g'e* (Fig. 92) descrilm arcs intersecting in e\ and 
with e' and g as centres and radii respectively to E A nnd g e 
(Fig. 92) describe arcs intersecting in c. With e and e' as 
centres and radii respectively eqhal to e D” and e' D' (Fig ,92) 
describe arcs intersecting in D', and sin^ilarly ith D‘ and e 
as centres and radii respectively equal to DI)" and el) 
(Fig. 92) describe arcs interaecting in D. Join DD'. 
'Through B, / ft, g, e, D draw an unbroken curved line. 
Also through B', /', ft', /, e', D' draw an unl>roken curved 
liqe. Then B D D' / B' is the pattern required. 


PBOBLEM XXX. 

To drato the pattern for an oblong taper hath, the like dimemom < 
to those for Prchlem XIIL being given. 

Again, it is only necessary to treat of two oases— one in this 
problem, and one in the problem following (see also § 79, 
p.l67). 

Draw (Fig. 94) the plan of the body (see Problem JJH*, 
p. 140), preserving of its construction the centres 0,0'; and 
the points 5,6', a, a', ft, ft', A, A', B,B', in which the 
straight lines and arcs meet each other. Join 6, 6', a, a\ s, /, 
ft, ft', A A' (two places), and B B' (two placefl) as shown in 
the fig. Examining the plan we see (d, p. 55) that each 
round comer A A' B B' of the toe is the same portion of a 
right cone frustum ; and each of the round comers a a' 5' 6, 
««' ft' ft, of the head are the same portion (g, p. 129) of an 
oblique cone frustum. "As we proceed „it will be s^^^^ 
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the construction of the pattern for the round comers of the 
head of bath is exactly the same as that for the round 
corners of the body in Problem XXVI. (sec also § 86» 
p. 206). 

In Plate V. (|*. 287) is a representation of an oblong 
Fio. 94. 


T 




ta|)er bath, also of an oblique cone Z, the A portion of 
which corresponds to the A' portion of the body, and the 
development of the former is the development of the latter, 
Patterns when the body is to be made up of four pieces, 

•it Wtt will put the se«in« to correspond with the lines (tV, 
DF . and CC'. The patterns lequired will be three, 
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one for the head of the hath, one for t^e toe, and one for 
the sides. The pattern for the toe can he readily drawn by 
Problem XXVII , p. 90. Likewise the pattern tor tho sides. 
The pattern for the head is drawn as follows. 


Fra. 05 



Draw separately (Fig. 96) a head-comer portion of 
Fig. 94, say a a' b'h, thns. Draw an indefinite line S'd 
(Fig. 96), and with any point 0 (coriosponding to 0, 
Fig. 94) in it as centre and Ofl (Fig. 94) as radius describe 
w> aro to. Join 00' (Fig. 94) and 
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6a in d\ make dh and da (Fig, 95) equal respectively t(» 
dh and da (Fig.. 94). Now (Fig. 95) make dO' equal to 
dO' (Fig. 94), and with O' as centre and O' a' (Fig. 94) as 
radius describe an arc 6' a'. Make d!V and d'a' equal 
respectively to d'F and d'a' (Fig 94). Joining hh\ a a' 
completes the portion of Fig. 94 required. Now divide 
(Fig. 94) ha into any number of paite. It is convenient 
' to take d as one of the division points, and to make d c equal 
to da; leaving c6 without further division, thus making 
the division of 6 a into three portions, not all equal. In 
actual practice the dimensions of the work will suggest the 
number of parts tiecessary. Here 6 c is left without further 
division in order to make clear the coiTesj)ondenco of this 
problem to Problem XXVI., p. 205. Now (Fig. 96) make 
dc equal to dc (Fig. 94), and then ha will be divided 
correspondingly to ha (Fig. 94). Draw XX parallel to 
S'd; and at d and 0 draw dD, OQ perpendicular toS'd; 
and meeti ng X X in D and Q ; also through d' and O' draw 
d'D'.^fO" perpendicular to S'd; the line O'O" rutting XX 
in Q'. Make Q'O" equal to the given height of the bath, 
and draw 0"D' parallel to XX, and cutting d'D' in D'. 
Join D D', Q 0" ; produce them to intersect in 8 (§ 80, 
p. 158) ; and from S let fall a perpendicular to S' d, cutting 
S' d' in S'. With S' as centre and S' a, or S' c (which is equal 
to S' a) and S' 6 successively as radii describe arcs cutting 
S' d in <7 and /. Draw g C, /B perpendicular to X X and 
cutting it in C and B ; and join CS, B S, cutting 0"D' in 
0' and B'. 

Next draw' S D (Fig. 96) equal to S D (Fig. 96) and with 
S as centre and SC, SB (Fig. 95) successively as radii 
describe arcs c and 6. With D as centre and radius equal 
to da (Fig, 96) describe arcs cutting arc c in A and C. 
Wi% 0 as centre and radius c 6 (Fig. 95) describe an arc 
cuttffig arc 6 in B. Join A, C, and B to S. Make S Jy 
equftl S D' (Fig. 96) and with S as centre and S C' (Fig. 95) 
d^ribe an arc (not shown in the lig.) cutting S A and S C 
uLaiuLC icsp^siMtoll-i-inake SB' equal to SB' (Fig. 96). 
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Through A,D,0, and B draw an unbroken ourvod line. 
Also through A', D', O', and B' draw an unbroken curved 
line ; this will complete the pattern for a head-comer. To 
attach the patterns for the flat portions of the head to A A' 
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and B B' respectively ; draw through a* (Fig. 94) a line a*T 
fierpendioular to a ! and through 6' dmw V G perpendicular 

Now draw (Fig. 94) oT perpendic ular to a* F md 
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to the given height of the bath, and jnin F P, then FP is 
the tme length of F a\ 

Next draw h' R perpendicular to h' G (h* R will of course 
cx>inoide with the line ?/B') and equal to the given heiglit; 
join G R, then G R is the true length of G V, Now with B’ 
(Fig. 96) as centre and G R (Fig. 94) as radius, and B as 
centre and radius h G (Fig. 9 1), describe arcs intersecting 
in G. Join B G, B' 0. With A' (Fig. 96) as centre and F P 
(F^. 94) as radius, and A as centre and radius a F (Fig. 94) 
describe arcs intersecting in F. Join A F and produce it 
indefinitely, and make A s equal to a 8 (Fig. 94) ; through 
A' draw A' s' |)arallel to A « and equal to n's' (Fig. 94); and 
join 8 s’* The pattern for the portion, seen in plan in Fig. 94, 
Qh as s’ a’ h' of the head of the bath is now completed. It is 
needless to work out in detail the addition of the portion 
(Fig^ 96) sh 0 h'f s’ of the pattern, by which we complete 
the head pattern GEG&'E'B’. The extra lines in this 
latte]my;;tion of the pattern appertain to the next problem. 


PROBLEM XXXI. 

To draWf without long radii, the •pattern for an dhlong tapef 
hath ; given dimensions as in Problem XXX* 

This problem is a second case of the preceding. 

Patterns when the body is to be made up of four pieces 
with seams as in preceding problem. 

Again, the patterns required will be three ; one for the 
head of the bath, one for the toe, and one for the sides. The 
latter pattern needs no description. The pattern for the toe 
Oan be readily drawn by Problem XXVIII., p. 94. The 
pattern for the head can be drawn as follows. 

B^w half the plan of the bath, as the lower half of Pig. 
94, and divide the arcs s s’ h’^ each into any number ^ 
equal parts, here two, in respectively the points / and/, and 
join//. Draw (Fig. 94a) any two lines KS, XL perpen- 

riliaiiiltLV. in oAnli .nilgai* utiJ iyiaIto PT T. onnal in ilio n>ivAn 
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hoignt of the bath. From K along K S mark off K H equal 
to A/i', KF equal to//, and K S equal to ; and join L H, 
L F, L S ; then L H, L F, and L S are the true lengths of 
h //, and s s' respectively. Next join (Fig. 94) / A, s’ f ; 
draw //', s' a", perpendicular to / /i, s’f respectively, and 
each equal to the given heiglit ; and join hf'yfs" ; then A/', 
fs" may bo taken respectively as the true lengths of fh and 
s'f. The true length of h! G may be found along h’ B' as 
was that of hi} in Problem XXX. along 6'B'; it will of 
eoursu 1)6 equal to G R, and we shall speak of it as G R. ^ 
Next draw (.^ee Fig. 96, left-hand portion) ss’ equal to 
LS (Fig. 94a), and with s' and s as centres and radii 
respectively equal to fs" and sf (Fig. 94) describe arcs 
intersecting in /. With / and s’ as centres and radii 
respectively e(iual to LF (Fig. 94a) and s'f (Fig. 94) 
describe arcs intersecting in/; and with / and / as centres 
aqd radii respectively equal to A/' and fh (Fig. 94) descril )0 
arcs intersecting in h ; also with h Jind / as centres and 
radii respectively equal to Lll (Fig. 94a) and f’h’^ifig, 94) 
de8cril3e arcs intersecting in h\ With h' and h as centres 
and radii respectively equal to G R and h G (Fig. 94) 
describe arcs intersecting in G. Through «,/A, draw an 
unbroken curved lino. Also through s',/, h’ draw an un- 
broken curved line ; and join h G, G h’. Then shi} h'fa^ is 
the pattern for the portion of the head of the bath repre- 
sented in plan in Fig. 94 by the same lettering. It is unne- 
cessary to pursue the pattern further. 



Jr’JUA'liJ* 'V. <^ace p. ai>x> 



Drawings from Models in South Kensington Museum. (P-w-i of Exhibit hy the Author at the Inventions Exhibition^ 1885.) 
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Book III. 

CLASS IIL 

PATTEItNS FOR MISCELLANEOUS AuTlOLBS. 

) The hook we now reach is made up of niiscellaneous problems, 
all of which arc of considerable practical imnortance, as well 
as are also typical cases. 


PROBLEM L 

To draw a pattern for the eUbow f/rmed hij two equal circuhn 
pij^lfffilllindorB of eqwl diameters) tohich meet at any angle. 

Fii-st draw (Fig. 1) a side elevation and a part-plan of the 
elbow, as follows. Draw any two lines GG', OG' at an 
angle to each other equal to the given angle of the elbow ; 
through any point G in GG' draw GA poiq^endicular to 
G*G' and equal to the diameter of the pipes ; and through 
A draw an indefinite lino A A* parallel to G G’. Then from 
any point 0 M G'O draw ON perpendicular to G'O and 
equal to the diameter of tho pipe ; and through N draw an 
indefinite line N A parallel to G'O and meeting A A' in A'. 
Join A'G' (the line produced always bisects the angle 
GG' 0) ; then ON A G is a side elevation of the elbow, and 
the line A' G' represents the joint or ‘ mitre ’ of the pipes. 
On G A describe a semicircle Gd A (this will be the part- 
plan of t^ elbow) ; which divide into any number, here six, 
of equal parts in the points h, c, d, c,/. From each of these 
pdnts draw lines parallel to A A’, namely, the linos 6 B', c O', 
-->.5 fW. cutting G A in the points B, C, D, E, and 






